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PREFACE 


The  purpose  of  this  book  is  to  convey  to  its  readers  some  conception 
of  the  background  of  the  poultry  industry,  the  fundamental  principles 
involved  in  various  poultry  practices,  and  up-to-date  information  con¬ 
cerning  methods  of  poultry  production.  The  more  important  economic 
factors  in  producing  and  marketing  poultry  products  are  given  due 
consideration. 

Success  in  poultry  raising  depends  largely  upon  one’s  knowledge 
of  the  business  and  one’s  ability  to  produce  and  market  poultry  and 
poultry  products  efficiently.  Fundamental  principles  must  be  under¬ 
stood  to  some  extent  at  least  before  the  most  economical  methods  can 
be  practiced  intelligently.  For  this  reason  the  major  aspects  of  poultry 
production  and  marketing  are  discussed,  first,  with  respect  to  principles 
involved  and,  second,  with  respect  to  practices  to  be  followed. 

The  discussion  of  fundamental  principles  involved  should  stimulate 
further  research  concerning  the  problems  raised.  The  results  of  the 
various  lines  of  research  work  are  reviewed,  and  selected  lists  of  literature 
references  are  given,  so  that  the  investigator,  teacher,  and  student  each  has 
a  ready  reference  for  review  purposes. 

The  discussion  of  practices  to  be  followed  should  be  of  considerable 
value  to  extension  workers,  farmers,  and  commercial  poultrymen. 
Poultrymen  everywhere  should  appreciate  the  fact  that  science  is  indeed 
a  foundation  or  a  background  upon  which  they  may  develop  more  effi¬ 
cient  practices  in  husbandry.  This  book  is  an  attempt  to  integrate 
the  facts  of  modern  science  for  the  benefit  of  the  practical  poultryman. 
The  preparation  of  the  book  has  been  inspired  in  the  spirit  of  rendering 
the  greatest  possible  service  to  the  poultry  industry. 

The  author  is  deeply  indebted  to  Dr.  T.  C.  Byerly  for  reading  the 
material  in  Chaps.  II,  V,  VIII,  and  IX  and  to  Professor  James  M.  Gwin 
for  reading  Chaps.  XI  and  XII.  Both  of  these  staff  members  of  the 
University  of  Maryland  Poultry  Department  offered  a  number  of  valuable 
suggestions  which  were  incorporated  in  the  text. 

University  of  Maryland,  MoRLEY  A.  JuLL. 

College  Park,  Md., 

June ,  1938. 
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CHAPTER  I 

THE  BREEDS  OF  CHICKEN 

From  time  immemorial,  chickens  have  been  closely  associated  with 
human  interests  in  numerous  ways.  The  ancestors  of  the  domestic 
stocks  were  hunted  for  food,  and  the  pugnacious  character  of  the  wild 
cock  led  to  the  development  of  the  sport  of  cockfighting,  which  frequently 
had  a  remarkable  influence  on  civilizations  of  bygone  days. 

In  more  recent  times,  poultry  breeders  of  various  nationalities  have 
busily  occupied  themselves  with  domestic  stocks  in  evolving  plumage 
colorations  in  bewildering  variety.  Also,  in  many  cases,  body  type  and 
feather  structure  have  been  so  altered  as  to  demonstrate  the  relative 
plasticity  of  the  original  stock.  What  man  has  accomplished  by  breeding 
from  selected  variants  has  been  shown  by  his  success  in  developing  the 
large  number  of  breeds  and  varieties,  each  of  which  conforms  to  certain 
standards. 

Origin  of  the  Chicken. — The  original  habitat  of  the  ancestor  of 
modern  breeds  of  chickens  is  south  and  central  India,  the  Himalayan 
Terai,  Assam,  Burma,  Ceylon,  and  throughout  all  the  countries  to  the 
southward,  on  into  Sumatra  and  Java  with  its  string  of  lesser  islands  to 
the  eastward.  There  are  four  known  species  of  wild  fowl,  and  they 
belong  to  the  same  genus  called  “Gallus,”  meaning  a  cock. 

The  four  species  are  as  follows:  (1)  Gallus  gallus  (Linneaus)  or  Gallus 
bankiva,  the  Red  Junglefowl;  (2)  Gallus  lafayette  (Lesson),  the  Ceylon 
Junglefowl;  (3)  Gallus  sonnerati  (Temminck),  the  Gray  Junglefowl;  (4) 
Gallus  varius  (Griffith),  the  Javan  Junglefowl.  The  Javan  Junglefowl 
differs  from  the  other  three  species  in  having  a  single-median  wattle, 
a  smooth-edged  comb,  truncated  neck  hackles,  and  an  extra  pair  of 
rectrices,  or  tail  feathers. 

The  general  distribution  of  the  four  species  is  as  follows:  The  Red 
Junglefowl  is  widely  distributed  through  eastern  India,  Burma,  Siam, 
and  Sumatra;  the  Ceylon  Junglefowl  in  Ceylon;  the  Gray  Junglefowl 
in  western  and  southern  India;  the  Javan  Junglefowl  in  Java  and  adjacent 
islands. 

All  four  species  will  cross  with  one  another,  and  the  hybrids  are  more 
or  less  fertile  among  themselves.  Also,  from  evidence  supplied  by 
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naturalists  and  investigators  who  have  made  crosses  between  each  of  the 
four  wild  species  and  domestic  stocks,  it  appears  that  all  hybrid  progeny 
are  fertile  with  the  possible  exception  of  the  female  offspring  of  the  cross 
between  the  Gallus  varius  male  and  domestic  females.  Apparently  most 
of  the  modern  day  breeds  are  descended  from  these  four  wild  species. 

It  seems  somewhat  doubtful,  however,  if  some  of  the  modern  breeds 
of  Asiatic  origin  followed  the  same  line  of  descent  from  the  wild  species 
as  many  of  the  Western  European  and  American  breeds  that  descended 
directly  from  the  four  wild  species  inhabiting  India,  Java,  Siam,  Burma, 
Ceylon,  and  Sumatra.  In  the  Asiatic  breeds,  the  Cochins,  Brahmas, 
and  Langshans,  the  long  axis  of  the  opening  of  the  skull  through  which 
passes  the  spinal  cord  is  perpendicular,  whereas  in  the  four  wild  species 
and  in  most  other  domestic  breeds  the  opening  is  horizontal. 

Early  Influence  of  Cockfighting. — That  the  sport  of  cockfighting 
exercised  a  tremendous  influence  not  only  in  the  domestication  of  wild 
birds  but  also  in  the  subsequent  distribution  of  the  fowl  is  amply  demon¬ 
strated  by  the  importance  attached  to  the  pastime  by  many  human  races. 
The  literature  of  various  nations  contains  many  references  to  the  sport, 
and  it  would  appear  that  cockfighting  had  as  much  responsibility  for  the 
domestication  of  the  fowl  as  demand  for  food  and  that  the  sport  was 
chiefly  instrumental  in  the  widespread  distribution  that  followed. 

Early  Distribution  of  the  Chicken. — The  antiquity  of  the  domestic 
chicken  in  India  probably  dates  back  as  far  as  about  3200  b.c.,  and  in 
Egypt  as  far  back  as  1400  b.c.  It  is  difficult  to  establish  with  any  degree 
of  exactness  the  time  when  the  chicken  was  domesticated  in  India 
because  the  early  records  are  not  clear  on  this  point.  The  domestication 
of  the  cock  in  China  dates  back  to  as  early  as  1400  b.c.,  although  the 
chicken  appears  in  the  hieroglyphics  in  the  tomb  of  Mera  about  3200  b.c. 
The  modern  name  for  the  bird,  hi  or  kai,  can  be  traced  to  the  Chou 
Dynasty,  which  extended  from  1122  to  249  b.c.  Ki  is  defined  in  a  very 
ancient  dictionary  as  “the  domestic  animal  which  knows  the  time”;  and 
in  a  glossary  of  the  time  of  Confucius,  it  is  found  again. 

From  India,  the  cock  moved  northward  and  westward,  against  the  line 
of  Aryan  invasion,  and  reached  Bactria  and  Persia  at  a  very  early  date. 
.Judging  by  the  part  that  the  cock  played  in  Persian  religion  and  mythol¬ 
ogy,  and  the  frequent  reference  to  it  in  Zoroastrian  literature,  its  advent 
must  have  considerably  antedated  600  b.c. 

In  Grecian  literature  the  first  mention  of  the  cock  is  by  Theognia  about 
525  b.c.  On  the  other  hand,  the  image  of  the  cock  appeared  on  coins 
from  the  temple  of  Artemis  at  Ephesus  at  least  700  b.c. 

Subsequent  distribution  of  the  fowl  followed  the  line  of  the  Iranian 
invasion,  which  carried  the  bird  through  Bactria  and  Persia  on  into 
Scythia  and  Europe,  stretching  across  finally  to  the  British  Isles  and 
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spreading  down  from  Gaul  into  central  Italy.  Long  before  Greek 
colonists  carried  the  bird  to  southern  Italy,  it  had  passed  on  to  the 
northward  and  was  being  carried  southward  through  Italy  on  the  line 
of  an  independent  advance.  The  first  European  distribution  of 
the  cock  was  overland  rather  than  by  sea  or  by  coastal  colonists.  The 
Romans  found  it  well  established  in  Gaul,  England,  and  among  the 
Germans. 

The  distribution  of  the  fowl  southward  began  when  the  Greeks 
carried  stocks  southward  to  the  Phoenician  cities.  Only  at  a  late  date, 
however,  did  the  fowl  become  well  established  on  the  Syrian  mainland. 
From  the  Medes  and  Persians,  to  whom  it  had  been  known  since  1000 


Fig.  1. — The  Gallus  bankiva  species  of  wild  fowl,  the  male  of  which  is  shown  here,  is 
regarded  by  many  authorities  as  being  the  principal  one  of  the  four  wild  species  from  which 
modern  breeds  have  descended.  ( U .  S.  Dept.  Agr.) 


b.c.,  it  was  taken  to  the  Assyrians  and  Babylonians  as  early  as  700  b.c. 
From  the  Aramaeans  it  was  introduced  to  the  Jews  in  Palestine  about 
200  b.c. 

By  the  time  of  the  Christian  era  it  seems  highly  probable  that  the 
domestic  fowl  had  spread  itself  over  the  western  parts  of  Asia  and  the 
eastern  parts  of  Europe.  From  these  parts  domestic  fowls  were  readily 
transported  to  other  countries  including  South  Africa,  Australia,  Japan, 
Siberia,  Russia,  Scandinavian  countries,  and  the  Americas. 

Poultry  culture  in  the  United  States  apparently  had  its  beginnings  hi 
1607,  for  this  was  the  year  of  the  first  permanent  English  settlement  in 
this  country,  100  Englishmen  having  landed  at  Jamestown  Island. 
During  the  first  half  of  the  seventeenth  century  in  the  United  States 
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several  importations  of  domestic  fowl  were  made  from  England,  various 
parts  of  Europe,  and  Asia.  Interest  in  the  breeding  of  poultry  increased, 
and  definite  attempts  were  made  to  develop  standards  of  excellence  for 
the  various  breeds  of  chickens  that  were  then  being  bred.  In  1849  the 
first  poultry  show  was  held  in  America,  and  this  gave  an  impetus  to  the 
development  of  standards  for  the  various  breeds. 


MODERN  BREEDS 

From  that  time  on,  interest  in  the  breeding  of  the  various  classes  of 
poultry  for  exhibition  purposes  increased  rapidly,  until  by  1873  there 
took  place  the  first  organized  effort  to  place  the  breeding  industry  upon 
a  stable  basis.  In  that  year  there  was  organized  the  American  Poultry 
Association,  which  had  for  its  object  the  formulation  and  adoption  of 
a  standard  of  excellence  to  be  used  exclusively  by  poultry  associations 
in  awarding  prizes  on  exhibition  poultry.  A  complete  standard  was 
adopted  for  all  the  then  recognized  varieties  of  domestic  and  ornamental 
classes  of  poultry,  and  in  1874  the  first  “ Standard  of  Perfection”  was 
printed.  Since  that  time,  the  “Standard,”  revised  periodically,  has 
served  as  the  basis  of  guidance  in  breeding  operations  in  developing  many 
breeds  and  varieties.  In  many  respects,  therefore,  the  standard-bred 
poultry  industry  served  as  a  foundation  for  the  subsequent  development 
of  the  industry.  Poultry  exhibitions  have  exercised  a  remarkable  influ¬ 
ence  in  maintaining  high  standards  of  excellence  and  in  fostering  the 
interests  of  the  industry. 

Relative  Value  of  the  Chicken. — The  majority  of  the  breeds  possess 
egg-laying  and  meat-producing  qualities,  and  many  of  them  also  possess 
beautiful  combinations  of  color  patterns  which  give  chickens  a  very 
important  place  in  animal  breeding.  Then,  again,  the  relatively  small 
size  of  chickens,  as  compared  with  cattle,  sheep,  and  hogs,  makes  them 
particularly  adaptable  to  a  wide  variety  of  conditions.  These  factors 
account  in  a  large  measure  for  the  great  number  of  breeds  and  varieties 
that  exist  and  for  the  variation  in  type,  color,  and  color  patterns. 

Numerous  Breeds  and  Varieties. — The  breeds  and  varieties  of  chick¬ 
ens  are  so  numerous  that  a  detailed  discussion  of  all  the  characters  they 
possess  is  not  possible  in  this  book.  Moreover,  the  reader  is  referred 
to  the  “American  Standard  of  Perfection,”  published  by  the  American 
Poultry  Association  (1930),  and  to  the  other  works  listed  at  the  end  of 
this  chapter. 

The  breeds  are  classified  largely  from  the  standpoint  of  their  origin, 
emphasis  being  placed  upon  the  more  important  characteristics  of 
economic  importance  in  the  more  popular  breeds  and  upon  the  unusual 
characteristics  of  those  breeds  and  varieties  bred  largely  for  pleasure. 
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It  should  be  noted,  however,  that  not  all  varieties  belonging  to  the  same 
breed  necessarily  have  the  same  ancestry. 

Significance  of  Type. — The  distinguishing  feature  whereby  one  breed 
of  fowls  differs  from  another  breed  is  in  respect  to  type,  although  this 
is  rather  a  confusing  situation,  inasmuch  as  the  visible  body  type  is 
influenced  not  only  by  the  actual  shape  of  the  body  but  also  by  the  feather 


Fig.  2. — Glossary  chart  giving  the  names  of  the  different  parts  of  the  male  fowl.  (U.  S. 

Dept.  Agr.) 

contour.  In  breeding  standard-bred  poultry,  the  “type”  of  bird,  as 
determined  by  feather  contour,  has  been  regarded  as  of  greatest  impor¬ 
tance,  so  much  so  that  in  many  cases  the  actual  body  type  has  received 
minor  attention.  The  situation  has  developed  so  that  it  is  now  recog¬ 
nized  that  “shape  makes  the  breed,”  shape  here  indicating  very  largely 
feather  contour. 
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Variety  Colors. — Within  each  breed  of  fowls  there  naturally  was  a 
tendency  to  segregate  various  color  combinations,  or,  where  only  one 
color  existed  in  the  original  breed,  there  was  a  tendency  to  develop  new 
color  patterns.  In  either  case,  it  was  necessary  to  adhere  to  the  original 
type  or  shape  characteristic  of  the  breed,  and  thus  it  has  arisen  that 
varieties  of  a  breed  are  supposed  to  be  identical  in  all  characteristics 
except  plumage  color  or,  in  some  cases,  in  respect  to  the  shape  of  comb, 
standard  weight,  color  of  shanks,  and  other  minor  characteristics.  There 
is  a  large  grain  of  truth  in  the  old  saying  of  poultry  breeders  that  “shape 
makes  the  breed  and  color  the  variety.” 

The  illustrations  in  the  accompanying  pages  are  designed  to  present 
the  standard  type  of  various  breeds  and  should  be  studied  closely. 
The  problem  of  an  adequate  color  description  for  the  numerous  varieties 
is  simplified  materially,  because  there  are  relatively  few  standard  color 
patterns.  For  instance,  the  color  patterns  of  the  Dark  Brahma,  Silver 
Penciled  Plymouth  Rock,  and  Silver  Penciled  Wyandotte  are  almost 
identical.  So  also  in  the  case  of  the  color  patterns  of  the  Light  Brahma, 
Columbian  Plymouth  Rock,  and  Columbian  Wyandotte.  The  plumage 
pattern  and  feather  markings  of  the  Partridge  Cochin  are  identical  with 
those  of  the  Partridge  Plymouth  Rock  and  Partridge  Wyandotte.  There 
are  black  varieties  and  white  ones  of  many  breeds,  and  there  are  blue 
varieties  of  a  few  breeds,  in  each  case  the  color  being  identical. 

AMERICAN  BREEDS 


A  number  of  breeds  have  been  developed  in  America  to  meet  the 
market  demand  for  a  bird  with  a  yellow  skin,  clean  shanks,  and  adapted 
to  the  conditions  of  the  country.  All  birds  belonging  to  the  American 
class  are  spoken  of  as  being  “clean  legged”;  i.e.,  they  have  shanks 
free  from  feathers.  They  also  have  yellow  shanks  and  skin,  except 
Java  and  Jersey  Black  Giant,  which  have  yellow  skins  but  black  shanks. 
All  have  red  ear  lobes  and,  except  the  Lamona,  lay  brown-shelled  eggs 
and  are  classed  as  broody. 

Dominique. — From  the  best  records  available,  it  appears  that  purely 
barred  chickens  of  relatively  small '  size  and  usually  with  rose 
combs  were  common  in  many  parts  of  the  eastern  United  States  as  early 
as  1750.  Interest  in  poultry  breeding  increased,  and  more  attention  was 
given  to  the  improvement  of  these  barred  chickens  until  they  came  to 
possess  a  fair  degree  of  uniformity  in  type  and  were  more  or  less  the  same 
size.  They  were  recognized  under  the  breed  name  “Dominique,”  but 
their  popularity  soon  waned. 

In  plumage  color  the  Dominique  has  a  generally  bluish  or  slaty  cast; 
the  feathers  in  all  sections  are  barred  with  alternate,  rather  irregular 
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light  and  dark  bars.  The  markings  lack  the  clean-cut  effect  of  the  Barred 
Plymouth  Rock  barring.  The  comb  is  rose.  The  standard  weights, 
in  pounds,  are:  cock,  7;  hen,  5;  cockerel,  6;  pullet,  4. 

Plymouth  Rock. — The  Plymouth  Rock  is  one  of  the  most  popular 
breeds  in  America,  largely  because  it  is  a  bird  of  good  size,  with  excellent 
fleshing  properties  and  good  egg-laying  abilities.  The  birds  belonging 
to  this  breed  are  rather  long  bodied,  fairly  broad,  with  fairly  prominent 
breast  and  good  depth  of  body.  This  breed  has  a  single  comb.  The 
standard  weights,  in  pounds,  are:  cock,  9^2 J  ben,  73^;  cockerel,  8; 
pullet,  6. 

The  Barred  Plymouth  Rock  seems  to  have  been  developed  from  at 
least  three  fairly  distinct  strains.  The  Drake  strain  was  originated 
about  1866  at  Stoughton,  Mass.,  the  original  stock  probably  being 
single-comb  barred  birds.  The  Sussex  County  strain  was  also  developed 
in  Massachusetts,  going  as  far  back  as  1856.  The  Upham,  or  Spaulding- 
Upham,  strain  was  developed  in  Connecticut  about  1865  or  1866. 
Cochins  and  Dorkings  were  the  two  breeds  used  to  a  greater  extent  than 
any  others,  with  the  exception  of  the  Dominique,  which  was  frequently 
used  as  foundation  stock  in  some  of  the  original  crosses  as  well  as  in 
some  backcrosses.  The  barred  plumage  of  the  Barred  Plymouth  Rock 
was  derived  from  the  Dominique.  As  time  went  on,  the  three  original 
strains  were  crossed  to  a  considerable  extent. 

The  plumage  color  is  grayish  white,  each  feather  crossed  by  almost 
black  bars  which  should  be  even  in  width,  straight,  and  should  extend 
down  to  the  skin.  Each  feather  should  end  with  a  narrow,  dark  tip, 
which  with  the  alternate  dark  and  light  bars  gives  a  bluish  cast  or  shade 
to  the  surface  color.  The  barring  in  the  hackle  and  saddle  of  the  male 
is  narrower  than  in  other  sections.  Solid  black  or  partly  black  feathers 
may  occur  in  some  birds  of  practically  all  strains  in  this  variety,  but  their 
appearance  does  not  necessarily  indicate  impurity  of  breeding.  Black 
spots  on  the  shanks  are  also  common,  particularly  in  females,  but  they 
do  not  indicate  impurity  of  breeding. 

In  the  breeding  of  Barred  Plymouth  Rocks  there  is  a  decided  tendency 
for  the  males  to  come  lighter  in  color  than  the  females,  and  for  this  reason 
the  “Standard  of  Perfection”  provides  for  certain  standards  pertaining 
to  the  width  of  barring  in  males  and  females.  In  the  males  the  black 
and  white  bars  should  be  of  equal  width,  whereas  in  the  females  the 
black  bars  may  be  one  and  one-half  times  as  wide  as  the  white  bars. 

From  the  economic  standpoint,  there  are  decided  disadvantages 
resulting  from  the  breeding  of  Barred  Plymouth  Rocks  that  have  very 
narrow  barring.  Strains  bred  for  very  narrow  barring  are  frequently 
noted  for  slow  growth,  poor  feathering  in  early  life,  and  defects  in  the 
wings  and  tails  of  adult  birds.  A  single  mating  system  involving  the 
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mating  of  males  and  females  that  have  fairly  good  width  of  barring  is  in 
the  best  interests  of  the  variety. 

The  White  Plymouth  Rock  originated  as  a  “sport”  from  the  barred 
variety.  It  is  quite  possible,  however,  that  other  strains  of  White 
Plymouth  Rocks  were  developed  from  crosses  of  White  Dorkings  and 
White  Cochins,  and  it  is  also  possible  that  White  Dorkings  were  crossed 
with  Barred  Plymouth  Rocks,  and  then  the  white  color  factor  extracted 
from  subsequent  generations.  The  plumage  color  is  pure  white  through¬ 
out  and  should  be  free  from  black  ticking,  brassiness,  and  creaminess. 

The  Buff  Plymouth  Rock  was  developed  in  an  entirely  different  manner 
from  the  Barred  variety  and  apparently  has  no  relation  to  it.  Two 
strains  of  Buff  Plymouth  Rocks  were  originated  about  1890,  one  being 
developed  from  single-comb  Rhode  Island  Reds  which  were  common 
in  Rhode  Island  at  that  time  although  not  recognized  under  that  name; 
the  other  strain  was  developed  from  crosses  of  White  Plymouth  Rocks 
and  Buff  Cochins.  The  plumage  color  is  golden  buff  in  all  parts  of  the 
surface  color,  and  all  sections  should  be  of  the  same  shade.  The  presence 
of  feathers  having  a  shaft  of  different  color  from  the  rest  of  the  feather 
and  the  presence  of  feathers  sprinkled  with  lighter  color  are  of  common 
occurrence  but  are  undesirable.  The  undercolor  is  of  little  lighter  shade 
than  the  surface  color. 

The  Silver  Penciled  Plymouth  Rock  owes  its  feather  markings,  to  a 
considerable  extent,  to  the  Dark  Brahma.  It  has  a  distinctive  color 
pattern  in  which  the  male  differs  considerably  from  the  female. 

The  plumage  of  the  male  consists  of  a  silvery  white  surface  color, 
extending  over  the  wing  bows  and  back,  and  the  hackle  and  saddle  are 
silvery  white,  striped  with  black.  The  rest  of  the  plumage,  including 
the  main  tail  feathers  and  sickles,  is  black.  The  primaries  are  black, 
except  for  a  narrow  edging  of  white  on  the  lower  edges  of  the  lower  webs, 
and  the  secondaries  are  also  black,  with  some  white. 

In  the  female  the  general  surface  color  is  gray,  with  a  distinct,  con¬ 
centric  penciling  of  dark  gray  on  each  feather.  The  neck  feathers  are 
silvery  white,  with  a  black  center  showing  a  slight  gray  penciling,  and  the 
main  tail  feathers  are  black,  with  the  two  top  feathers  showing  some 
penciling.  In  both  sexes  the  undercolor  is  slate,  shading  to  a  lighter 
color  toward  the  base  in  the  male. 

The  Partridge  Plymouth  Rock,  developed  apparently  from  Partridge 
Cochins  and  Brown  Leghorns,  in  color  pattern  is  practically  the  same  as 
the  Silver  Penciled  Plymouth  Rock,  except  that  the  white  in  the  Silver 
Penciled  is  replaced  by  red  or  reddish  brown. 

The  hackle  of  the  male  is  greenish  black  with  a  narrow  edging  of 
brilliant  red;  the  plumage  in  front  of  the  neck  is  black.  The  wing  bow 
is  brilliant  red.  The  primaries  are  black,  with  the  lower  edges  reddish 
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bay,  and  the  secondaries  are  also  black,  the  outside  web  of  reddish  bay 
with  greenish  black  at  the  end  of  each  feather.  The  back  has  brilliant 
red  feathers,  each  with  a  greenish-black  stripe  down  the  middle. 

In  the  female  the  neck  is  reddish  bay,  and  the  front  of  the  neck  and 
breast  are  both  deep  reddish  bay,  distinctly  penciled  with  black.  The 
wing  bows  are  also  deep  bay  penciled  with  black.  The  primaries  are 
black  with  an  edging  of  deep  reddish  bay  on  the  outer  webs,  the  inner 
webs  of  the  secondaries  are  black,  and  the  outer  webs  are  reddish  bay 
deeply  penciled  with  black.  The  back  is  also  deep  reddish  bay  penciled 
with  black.  The  undercolor  of  all  sections  of  both  sexes  should  be  slate. 
The  beak  is  dark  horn  shading  to  yellow  at  the  tip. 

The  Columbian  Plymouth  Rock  was  developed  from  crosses  between 
Light  Brahmas  and  White  Plymouth  Rocks.  Most  of  the  plumage  is 
white,  although  the  hackle  feathers  of  the  male  and  the  neck  feathers  of 
the  female  and  the  tail  coverts  of  both  sexes  are  black,  with  a  distinct 
white  lacing.  The  tail  feathers  in  both  sexes  are  black.  The  wings  also 
carry  some  black  on  the  primary  and  secondary  feathers,  which  is  almost 
hidden  when  the  wings  are  folded.  The  undercolor  of  all  sections  in 
both  sexes  should  be  light  bluish  slate. 

The  Blue  Plymouth  Rock  was  first  recognized  as  standard  variety 
in  1919.  In  the  male  the  plumage  color  over  practically  all  parts  is  a 
medium  shade  of  slaty  blue,  each  feather  laced  with  darker  blue,  and  in 
the  wing  bows,  hackle,  back,  saddle,  sickle  feathers,  and  tail  coverts  the 
lacing  is  very  dark.  This  gives  the  surface  color  of  the  upper  sections  of 
the  male  a  very  dark  appearance.  In  the  female  the  general  plumage 
color  is  a  slaty  blue  of  even  shade,  each  feather  except  the  primaries  hav¬ 
ing  a  well-defined,  narrow  lacing  of  darker  blue.  The  neck  is  decidedly 
•darker  than  the  rest  of  the  body  color.  Both  sexes  have  a  slaty  blue 
undercolor. 

Wyandotte. — The  body  of  the  Wyandotte  is  comparatively  round,  and 
the  general  shape  and  character  of  feathering  give  it  an  appearance  of 
having  a  rather  short  back  and  being  low  set.  Like  the  Plymouth  Rock, 
it  is  a  good  general-purpose  breed,  well  adapted  for  flesh  production  and 
a  good  layer  when  bred  for  egg  production. 

All  Wyandottes  have  rose  combs.  The  standard  weights,  in  pounds, 
are:  cock,  8^;  hen,  6^;  cockerel,  7J^;  pullet,  5}^. 

The  Silver  Laced  Wyandotte  was  the  first  variety  developed,  about 
1860,  principally  from  crosses  between  Buff  Cochins  and  Silver  Sebright 
Bantams  and  from  crosses  between  Dark  Brahmas  and  Silver  Spangled 
Hamburgs.  This  variety  has  a  striking  color  combination  which  makes 
it  very  attractive. 

The  male  has  a  silvery  white  hackle,  back  and  saddle,  the  hackle 
and  saddle  feathers  being  striped  with  black.  The  feathers  of  the  body 
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and  breast  are  white,  laced  with  a  black  edge.  The  primaries  are  black 
with  the  lower  edges  white;  the  secondaries  are  also  black  with  the  lower 


Light  Brahma.  Barred  Plymouth  Rock. 

S.  C.  Rhode  Island  Red.  Silver  Laced  Wyandotte. 

Fig.  3. 

half  of  the  outer  webs  white  and  the  upper  webs  edged  with  white.  The 
main  tail  feathers  are  black. 

The  female  has  white  feathers  laced  with  black  over  the  entire  body, 
except  the  neck  feathers,  which  are  black;  there  is  also  some  black  in  the 
wings.  The  primaries  and  secondaries  are  practically  the  same  as  in  the 
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male.  In  both  sexes  the  undercolor  is  slate,  in  the  male  shading  to  lighter 
slate  at  the  base  of  the  feathers. 

The  White  Wyandotte  originated  as  a  sport  of  the  Silver  Laced  variety 
and  is  white  throughout  and,  like  the  White  Plymouth  Rock,  should 
be  free  from  any  brassiness  or  creaminess  or  black  ticking. 

The  Buff  Wyandotte  was  developed  about  1890  by  mating  Golden 
and  White  Wyandottes  with  Buff  Cochins,  from  Hamburg  and  Cochin 
crosses  and  from  fowls  that  were  common  in  Rhode  Island.  The  plum¬ 
age  color  is  an  even  shade  of  buff  throughout,  identical  with  that  of  the 
Buff  Plymouth  Rock. 

The  Golden  Laced  Wyandotte  was  developed  from  crosses  in  which 
the  Silver  Laced  Wyandotte,  the  single-  and  rose-comb  Brown  Leghorn, 
and  the  Buff  and  Partridge  Cochin  were  used.  The  Golden  Laced 
Wyandotte  has  the  same  general  color  scheme  as  the  Silver  Laced  variety, 
except  that  the  white  is  replaced  with  red  and  reddish  brown.  The 
undercolor  is  slate,  in  the  male  shading  to  red  at  the  base. 

The  Partridge  Wyandotte  originated  between  1890  and  1896  from 
crosses  between  Golden  Laced  Wyandottes  and  Golden  Penciled  Ham- 
burgs  and  from  mixtures  of  Golden  Laced  Wyandottes,  Cornish,  Brown 
Leghorn,  and  Buff  and  Partridge  Cochin.  It  has  the  same  color  pattern 
as  the  Partridge  Plymouth  Rock. 

The  Silver  Penciled  Wyandotte  was  developed  from  the  Dark  Brahma, 
with  its  penciling,  and  Silver  Penciled  Hamburgs  and  Partridge  and 
Silver  Laced  Wyandottes.  It  has  the  same  color  pattern  as  the  Silver 
Penciled  Plymouth  Rock. 

The  Columbian  Wyandotte  appears  to  have  been  developed  from 
matings  between  Light  Brahmas  and  other  breeds.  It  has  the  same  color 
pattern  as  the  Columbian  Plymouth  Rock. 

The  Black  Wyandotte  appeared  about  1885  as  a  black  sport  of  the 
Silver  Laced  variety.  It  is  black  in  all  sections,  showing  a  greenish  sheen, 
free  from  purple  barring.  The  undercolor  is  slate. 

Rhode  Island  Red. — The  Rhode  Island  Red  has  a  rather  long, 
rectangular  body  and  appears  somewhat  more  upstanding  than  the  Ply¬ 
mouth  Rock  or  the  Wyandotte.  At  the  same  time,  the  body  has  good 
depth  and  is  wide  and  of  good  length,  making  a  good  meat-producing  bird. 
By  proper  breeding  methods  this  breed  can  be  developed  into  excellent 
layers.  There  are  two  varieties,  single  comb  and  rose  comb,  which  are 
otherwise  identical.  The  standard  weights,  in  pounds,  are:  cock,  8 
hen,  63^;  cockerel,  7%;  pullet 

This  breed  was  developed  in  the  first  quarter  of  the  nineteenth  century 
from  matings  of  Red  Malay  game  cocks  to  the  common  hens  of  Rhode 
Island  and  from  matings  between  rose-comb  Brown  Leghorns  and 
mottled  females. 
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The  plumage  color  of  the  Rhode  Island  Red  is  a  rich  brownish  red, 
which  should  be  as  even  as  possible  over  the  entire  surface  and  throughout 
all  sections,  except  that  the  lower  webs  of  the  primaries  are  mostly  black; 
the  upper  webs  of  the  secondaries  are  partly  black;  and  the  tail  coverts, 
sickle  feathers,  and  main  tail  feathers  are  black.  In  the  lower  neck 
feathers  of  the  female  there  is  also  a  slight  ticking  of  black.  The  under¬ 
color  of  all  sections  in  both  sexes  should  be  red  and  free  from  a  dark  or 
slaty  appearance,  which  is  known  as  “smut.”  The  beak  is  reddish  horn, 
and  the  shanks  and  toes  are  rich  yellow  or  reddish  horn. 

Rhode  Island  White. — The  Rhode  Island  White,  of  which  the  rose 
comb  is  the  only  variety,  is  identical  in  size  and  type  with  the  rose-comb 
Rhode  Island  Red  and  was  developed  from  White  Wyandottes,  Partridge 
Cochins,  and  rose-comb  White  Leghorns.  The  plumage  should  be  pure 
white,  free  from  any  tint  of  brassiness. 

New  Hampshire. — The  New  Hampshire  was  developed  from  the 
Rhode  Island  Red,  apparently  with  some  crossing  with  one  or  more  other 
breeds.  In  shape  of  body  the  New  Hampshire  is  less  rectangular  than 
the  Rhode  Island  Red.  The  plumage  surface  color  is  chestnut  red, 
otherwise  similar  to  Rhode  Island  Red  plumage  color.  The  comb  is  sin¬ 
gle.  The  standard  weights,  in  pounds,  are:  cock,  8}^;  hen,  6J^;  cockerel, 
7>M  pullet,  5>^. 

Jersey  Black  Giant. — The  Jersey  Black  Giant,  developed  largely  from 
Asiatic  sources,  is  the  largest  of  the  American  breeds.  It  resembles  the 
Plymouth  Rock  in  type  but  is  broader,  deeper,  and  longer.  The  comb 
is  single.  The  standard  weights,  in  pounds,  are:  cock,  13;  hen,  10; 
cockerel,  11;  pullet,  8. 

The  plumage  in  all  sections  is  black  with  a  greenish  sheen.  The 
undercolor  is  slate,  approaching  white  at  the  skin.  The  beak  is  black, 
shading  to  yellow  toward  the  tip.  The  shanks  are  black  with  yellow  on 
the  undersurface  of  the  feet  and  toes. 

Java.— The  Java  includes  two  varieties,  the  Black  and  the  Mottled, 
in  the  latter  variety  the  black  being  more  plentiful  than  the  white.  It  is  a 
bird  of  good  size,  having  a  long  and  deep  body  with  good  width  of  back 
and  a  full,  well-rounded  breast.  The  comb  is  single.  The  standard 
weights,  in  pounds,  are:  cock,  9JM  hen,  cockerel,  8;  pullet, 

6  K. 

Lamona. — The  Lamona  was  developed  from  crossing  the  Silver  Gray 
Dorking,  White  Plymouth  Rock,  and  White  Leghorn.  It  has  white 
plumage,  an  oblong  body,  and  lays  a  white  egg.  The  standard  weights, 
in  pounds,  are:  cock,  8;  hen,  6V2;  cockerel,  7;  pullet,  5%. 

Buckeye. — The  Buckeye  is  an  American  product  resulting  from 
the  infusion  of  blood  from  the  Barred  Plymouth  Rock,  Buff  Cochin, 
Dark  Cornish,  and  Black  Breasted  Red  Game.  The  comb  is  pea  shaped. 
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The  standard  weights,  in  pounds,  are:  cock,  9,  hen,  6^2;  cockerel,  8; 
pullet,  5}<2- 

The  surface  color  of  the  Buckeye  is  mahogany  bay,  with  a  slightly 
darker  shade  on  the  wing  bows  of  the  males.  The  flight  and  main  tail 
feathers  of  the  male  may  contain  black.  The  undercolor  in  both  sexes  is 
red,  except  in  the  back,  where  there  is  a  bar  of  slate  across  each  feather 
below  the  surface. 

Chantecler. — The  White  Chantecler  originated  in  Canada  between 
1908  and  1920  from  crosses  between  Cornish,  White  Leghorn,  White 
Wyandotte,  White  Plymouth  Rock,  and  Rhode  Island  Red.  It  is  pure 
white  in  all  sections  of  its  plumage.  The  most  noticeable  characteristics 
of  the  breed  are  a  conformation  resembling  that  of  the  Cornish,  especially 
in  breast  development  and  carriage,  the  smallness  of  the  cushion-shaped 
comb  and  the  very  small  wattles.  The  standard  weights,  in  pounds,  are: 
cock,  8^2 ;  hen,  6L>;  cockerel,  7%;  pullet,  5}^. 

The  Partridge  Chantecler  has  the  same  color  of  plumage  as  the  Partridge 
Plymouth  Rock.  The  standard  weights,  in  pounds,  are:  cock,  10;  hen, 
7^;  cockerel,  8}^;  pullet,  6}^. 

ASIATIC  BREEDS 

Of  the  three  Asiatic  breeds  recognized  as  standard,  the  Brahma, 
Cochin,  and  Langshan,  only  the  first  two  ever  gained  particular  prom¬ 
inence  in  the  American  poultry  industry.  With  the  development  of  the 
American  breeds,  however,  the  popularity  of  the  Asiatic  breeds  was  not 
maintained,  and  they  are  now  bred  to  a  limited  extent  only. 

The  breeds  belonging  to  the  Asiatic  class  are  of  distinctive  type  and 
have  large  bodies,  feathered  shanks,  and  are  usually  heavy  in  bone. 
All  have  yellow  skin,  except  the  Black  Langshan,  whose  skin  is  a  pinkish 
white.  All  have  red  ear  lobes,  lay  brown-shelled  eggs,  and  are  classed  as 
broody. 

Brahma. — The  earliest  Brahmas  originated  in  the  Brahmaputra 
district  of  India,  where  fowls  of  the  original  type,  known  as  “Gray  Chitta- 
gongs,”  are  still  to  be  found.  The  Brahma  apparently  was  first  imported 
into  America  in  September,  1846,  and  into  England  in  1853. 

Brahmas  are  massive  in  appearance,  well  feathered,  and  well  pro¬ 
portioned.  One  characteristic  of  this  breed  is  its  pea  comb.  The  stand¬ 
ard  weights  of  the  Light  Brahma,  in  pounds,  are:  cock,  12;  hen,  9}^; 
cockerel,  10;  pullet,  8;  and  of  the  Dark  Brahma:  cock,  11;  hen,  8.LJ; 
cockerel,  9;  pullet,  7. 

The  Light  Brahma  has  the  same  color  pattern  as  the  Columbian 
Plymouth  Rock  and  Columbian  Wyandotte. 

The  Dark  Brahma  has  the  color  pattern  of  the  Silver  Penciled  Ply¬ 
mouth  Rock  and  the  Silver  Penciled  Wyandotte. 
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The  Buff  Brahma  has  the  same  color  pattern  as  the  Columbian 
Plymouth  Rock  except  that  golden  buff  or  buff  replaces  white,  and  in  the 


S.  C.  Light  Brown  Leghorn.  S.  C.  Ancona. 

Partridge  Cochin.  Dark  Cornish. 

Fig.  4. 

Buff  Brahma  the  shank  feathers  are  buff  and  the  feathers  on  the  outer  toe 
of  each  foot  are  buff  and  black,  the  black  being  laced  with  buff. 

Cochin. — The  Cochin  originated  in  the  Shanghai  district  of  China 
and  was  known  as  the  “Shanghai  fowl.”  It  was  first  imported  into 
England  in  1845  and  a  little  later  into  America.  The  outstanding  char- 
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acteristics  of  the  Cochin  are  its  massive  appearance  and  abundantly 
feathered  shanks.  The  breast  of  the  Cochin  is  carried  low,  and  in  the 
female  there  is  a  very  prominent  development  of  the  cushion  at  the  base 
of  the  tail.  The  feathering  is  extremely  long  and  profuse  so  that  the 
Cochin  appears  much  larger  than  is  really  the  case.  All  Cochins  have 
single  combs.  The  standard  weights,  in  pounds,  are:  cock,  11;  hen,  8J^; 
cockerel,  9,  pullet,  7. 

The  Buff  Cochin  has  the  same  even  shade  of  golden  buff  as  in  Buff 
Plymouth  Rocks  and  Wyandottes. 

The  White  Cochin  in  color  is  like  other  white  varieties,  for  a  description 
of  which  see  the  White  Plymouth  Rock. 

The  Black  Cochin  is  the  same  in  color  as  the  Black  Wyandotte. 

The  Partridge  Cochin  is  a  parti-colored  variety  in  which  the  sexes 
differ  materially  in  feather  markings,  which  are  the  same  as  in  the 
Partridge  Plymouth  Rock  and  Partridge  Wyandotte. 

Langshan. — The  Langshan  originated  in  the  Langshan  district  north 
of  the  Yangtze  Kiang  river  in  China.  Langshans  were  imported  into 
England  in  1872  and  a  little  later  introduced  into  America.  The  prin¬ 
cipal  characteristics  of  the  Langshan  as  compared  with  the  Brahma  and 
Cochin  are  that  the  body  is  shorter  but  deeper,  there  is  greater  length  of 
leg,  the  tail  feathers  are  longer,  and  the  tail  is  carried  higher.  The 
Langshan  stands  up  well  and  is  well  proportioned,  which  makes  it  a 
very  graceful  bird.  The  comb  is  single.  The  standard  weights,  in 
pounds,  are:  cock,  9}^;  hen,  7^;  cockerel,  8;  pullet, 

The  Black  Langshan  has  the  same  color  qualifications  as  the  Black 
Wyandotte  except  that  the  beak  is  dark  brown,  the  shanks  and  toes  are 
bluish  black,  and  the  bottoms  of  the  feet  are  pinkish  white. 

The  White  Langshan  is  the  same  in  color  as  the  White  Plymouth 
Rock  except  that  the  beak  is  light  slate  blue  shading  to  pinkish  white, 
and  the  shanks  and  toes  are  slaty  blue,  with  pink  between  the  scales. 

ENGLISH  BREEDS 

The  breeds  of  English  origin  described  in  the  “  American  Standard  of 
Perfection”  are  for  the  most  part  utility  breeds  noted  for  their  excellent 
fleshing  properties.  With  the  exception  of  the  Cornish,  all  the  breeds 
have  white  skin  and  red  ear  lobes  and,  except  the  Dorking  and  Red  Cap, 
lay  brown-shelled  eggs.  All  are  classed  as  broody. 

Orpington  . — The  Orpingtons  are  characterized  by  their  size  and  shape 
of  body,  which  is  long,  deep,  and  well  rounded,  with  a  full  breast  and  a 
broad  back.  Thej^are  rather  low  set  and  heavy  in  bone.  They  are  a 
little  more  loosely  feathered  than  breeds  of  the  American  class.  The 
Orpingtons  make  good  table  birds,  and  good  laying  strains  have  been 
developed  when  bred  with  that  object  in  view.  The  comb  is  single. 
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The  standard  weights,  in  pounds,  are:  cock,  10;  hen,  8;  cockerel,  8J^; 
pullet,  7. 

The  Black  Orpington  was  produced  about  1886  from  matings  involving 
the  Black  Minorca,  clean-legged  Black  Langshans,  and  black  colored 
specimens  with  Plymouth  Rock  blood.  For  a  description  of  the  color 
plumage  see  the  Black  Wyandotte.  The  shanks  and  toes  are  black,  and 
the  bottoms  of  the  feet  are  white. 

The  Buff  Orpington  was  evolved  from  Bluff  Cochins,  Dark  Dorkings, 
and  Golden-Spangled  Hamburgs.  The  plumage  color  is  the  same  as  in 
other  buff  breeds,  such  as  the  Buff  Plymouth  Rock.  The  shanks  and 
toes  are  white. 

The  White  Orpington  in  all  probability  originated  as  a  sport  from 
the  Black  variety.  The  color  is  the  same  as  in  the  White  Plymouth 
Rock  except  that  the  shanks  and  toes  are  white. 

The  Blue  Orpington ,  originated  quite  recently,  has  the  same  general 
color  as  the  Blue  Plymouth  Rock  except  that  the  shanks  and  toes  are 
leaden  blue. 

Cornish. — The  Cornish,  originally  known  as  the  Cornish  Indian 
Game,  appears  to  have  been  developed  in  England  about  the  middle 
of  the  last  century  and  was  produced  from  crossings  involving  the  Aseel, 
Malay,  and  English  Game  breeds.  It  was  imported  into  America  in 
1887  and  gained  popularity  partly  because  of  its  excellent  fleshing  proper¬ 
ties  and  its  yellow  skin. 

The  Cornish  is  noted  for  its  close  feathering  and  compact,  heavily 
meated  body,  which  has  a  distinctive  shape.  The  breast  of  the  Cornish 
is  very  deep  and  broad,  giving  the  shoulders  great  width.  All  Cornish 
birds  have  pea  combs.  The  standard  weights,  in  pounds,  of  the  dark  and 
white  varieties,  are:  cock,  10;  hen,  7}^;  cockerel,  8;  pullet,  6;  and  of  the 
white-laced  red  variety  they  are:  cock,  8;  hen,  6;  cockerel,  7;  pullet,  5. 

The  Dark  Cornish  male  has  greenish-black  hackle  and  wing  bows; 
the  primaries  are  black  except  for  a  narrow  edging  of  bay  on  the  outer 
edge;  the  secondaries  have  the  upper  webs  black  and  the  lower  webs  black 
and  bay;  the  back  should  be  lustrous  greenish  black  and  dark  red  inter¬ 
mixed.  The  tail,  lower  part  of  the  body,  and  fluff  are  black,  and  the 
breast  is  greenish  black.  In  the  female  the  neck  is  a  lustrous  black, 
each  feather  having  a  bay  shaft;  the  wing  bows  are  bay.  The  primaries 
are  almost  entirely  black;  the  secondaries  have  the  upper  webs  black; 
and  the  lower  webs  are  black  except  that  there  is  a  broad  margin  of 
bay  penciling.  The  back  is  bay  color.  The  main  tail  feathers  are  black 
except  the  upper  two,  which  are  penciled  with  bay.  The  lower  part  of 
the  body,  fluff,  and  breast  are  bay  with  the  feathers  for  the  most  part  pen¬ 
ciled.  The  undercolor  of  both  sexes  is  dark  slate.  The  beak,  shanks, 
and  toes  are  yellow. 


THE  BREEDS  OF  CHICKEN 


17 


The  White  Cornish  was  developed  in  America  and  is  pure  white  in 
plumage  color,  and  the  beak,  shanks,  and  toes  are  yellow. 

The  White  Laced  Red  Cornish  was  also  developed  in  America  quite 
recently.  The  plumage  color  is  quite  interesting.  It  has,  in  both  sexes, 
bright,  rich-red  neck  feathers,  in  the  male  laced  with  silvery  white  and  in 
the  female  with  white.  In  both  sexes  the  back,  lower  part  of  body, 
fluff,  and  breast  are  rich  red  in  appearance,  each  feather  regularly  laced 
with  a  narrow  lacing  of  white.  In  the  male  the  tail  is  white;  in  the  female 
the  tail  is  red,  except  that  the  end  of  each  feather  is  laced  with  white. 
The  undercolor  of  all  sections  in  both  sexes  is  white. 

Sussex. — The  Sussex  and  the  Dorking,  described  next,  are  two 
breeds  developed  in  England  about  200  years  ago  primarily  as  table 
birds.  In  the  early  history  of  these  two  breeds  the  Sussex  were  developed 
from  birds  with  four  toes,  while  the  Dorkings  were  developed  from  birds 
of  the  same  origin  but  with  five  toes. 

The  Sussex  has  a  long  body,  broad  at  the  shoulders  and  with  good 
depth  from  front  to  rear.  The  breast  is  well  developed,  and  the  bird 
has  excellent  fleshing  qualities.  Fowls  of  this  breed  have  single  combs 
and  horn-colored  beaks,  shanks,  and  toes.  The  standard  weights,  in 
pounds,  are:  cock,  9;  hen,  7;  cockerel,  7^;  pullet,  6. 

The  Speckled  Sussex  is  reddish  bay  in  color,  each  feather  tipped  with 
white.  In  the  male  the  neck  is  a  lustrous,  reddish  bay,  each  feather 
having  a  black  stripe  extending  lengthwise.  The  wing  bows  also  are 
reddish  bay;  the  primaries  are  black  and  white;  the  secondaries  have  the 
outer  webs  bay  edged  with  white,  and  the  inner  webs  are  black  edged  with 
white.  The  back  and  saddle  are  reddish  bay;  the  main  tail  feathers  are 
black  and  white;  the  lower  p£Crt  of  body,  fluff,  and  breast  are  all  reddish 
bay  in  color,  each  feather  tipped  with  white.  The  female  is  for  the  most 
part  reddish  bay  throughout  except  that  the  primaries  and  secondaries 
are  the  same  as  in  the  male.  The  undercolor  of  all  sections  in  both 
sexes  is  slate  shading  to  salmon. 

The  Red  Sussex  is  a  deep,  rich  red  in  both  sexes.  The  only  exceptions 
to  the  red  color  are  found  principally  in  the  primaries,  where  the  lower 
webs  are  black  with  a  narrow  edging  of  red,  in  the  secondaries  where 
the  upper  webs  are  black,  and  the  tail,  which  is  black.  The  undercolor 
of  all  sections  in  both  sexes  is  red  with  a  slight  bar  of  slate. 

The  Light  Sussex  was  first  admitted  to  the  “ Standard  of  Perfection” 
in  1929.  The  color  of  the  plumage  is  quite  similar  to  the  Columbian 
Plymouth  Rock  and  Columbian  Wyandotte. 

Dorking. — The  Dorkings,  like  the  Sussex,  are  characterized  by  long, 
broad,  deep,  and  low-set  bodies.  The  White  Dorking  has  a  rose  comb, 
whereas  the  other  two  varieties  have  single  combs.  All  Dorkings  have 
five  toes.  The  standard  weights,  in  pounds,  of  the  White  Dorking  are: 
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cock,  7%;  hen,  6;  cockerel,  63d>;  pullet,  5;  of  the  Silver-gray  and  Colored 
Dorkings,  they  are:  cock,  9;  hen,  7;  cockerel,  8;  pullet,  6. 


White  Orpington.  White  Plymouth  Rock. 

S.  C.  White  Leghorn.  White  Wyandotte. 

Fig.  5. 

The  White  Dorking  is  white  throughout  and  should  be  free  from  any 
foreign  color,  as  in  other  white-colored  breeds.  The  beak,  shanks,  and 
toes  are  white. 
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The  Silver  Gray  Dorking  is  a  parti-colored  bird  in  which  the  sexes  differ 
in  feather  markings. 

The  male  has  a  white  hackle,  and  the  plumage  on  the  front  of  the 
neck  is  black.  The  wing  bows  are  silvery  white;  the  primaries  have  the 
upper  webs  black  and  the  lower  webs  white;  the  secondaries  are  the  same 
as  the  primaries  except  that  in  the  secondaries  there  is  a  black  spot  in  each 
feather.  The  back  and  saddle  are  silvery  white,  the  tail  is  black,  and 
the  sickles  and  coverts  are  greenish  black;  the  lower  part  of  the  body  and 
the  fluff  are  also  black. 

In  the  female  the  neck  is  silvery  gray,  each  feather  having  a  black 
stripe  extending  down  its  center.  The  wing  bows  are  silvery  white; 
the  primaries  have  the  upper  webs  dark  slate  and  the  lower  webs  gray; 
The  secondaries  are  the  same  as  the  primaries.  The  back  is  grayish 
white,  and  the  tail  is  black.  The  undercolor  of  all  sections  in  both  sexes  is 
slate.  The  beak  is  white  streaked  with  horn,  and  the  shanks  and  toes 
are  white. 

The  Colored  Dorking  is  also  parti-colored,  with  sex  differences  in 
feather  markings. 

The  male  has  a  light-straw-colored  hackle;  the  wing  bows  are  a 
light-straw  color;  the  primaries  are  black  or  dark  slate;  the  secondaries 
have  the  upper  webs  black  and  the  lower  webs  white.  The  saddle  feathers 
are  also  light-straw  color  with  a  black  stripe  down  the  middle  of  each 
feather.  The  breast,  lower  part  of  body,  fluff,  and  tail  are  black. 

In  the  female  the  neck  is  black  with  gray  edging  on  the  front  of  each 
feather;  the  wing  bows  are  black;  the  primaries  are  slaty  brown;  the 
secondaries  have  the  upper  webs  black  and  the  lower  webs  black  with  a 
mixture  of  dark  red.  The  back  of  the  female  is  lustrous  black;  the  tail 
is  dark  brown;  the  lower  part  of  the  body  is  black  slightly  mixed  with 
gray,  and  the  fluff  is  dull  black  edged  with  gray.  The  undercolor  of  all 
sections  in  both  male  and  female  is  slate.  The  beak  is  dark  horn,  and 
the  shanks  and  toes  are  white. 

Red  Cap. — The  Red  Cap  is  supposed  to  have  been  developed  from 
Old  English  Games  and  Golden  Spangled  Hamburgs.  The  name 
“Red  Cap”  is  derived  from  the  large  rose  comb.  It  is  a  bird  of  medium 
size  with  a  fairly  long  body  and  a  rather  prominent  breast.  A  large, 
rose  comb  is  characteristic  of  the  breed.  The  standard  weights,  in 
pounds,  are:  cock,  7}^;  hen,  6;  cockerel,  6;  pullet,  5. 

Australorp. — The  Australorp  is  a  breed  admitted  to  the  “Standard  of 
Perfection  ”  in  1929.  As  the  name  suggests,  it  was  developed  in  Australia 
from  the  Black  Orpington.  It  is  more  upstanding  and  less  massive  in 
appearance  than  the  Black  Orpington  and  has  been  developed  as  an 
egg  producer.  The  back  is  rather  long,  with  a  gradual  sweep  to  the  tail, 
and  the  body  is  of  good  depth,  but  the  feathering  fits  more  closely  to  the 
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body  than  in  the  Orpington.  The  comb  is  single,  the  beak  is  black,  and 
the  shanks  and  toes  are  black  or  leaden  black  with  the  bottoms  of  the 
feet  and  toes  pinkish  white.  The  plumage  color  is  lustrous  greenish 
black  in  all  sections,  and  the  undercolor  is  dull  black.  The  standard 
weights  in  pounds,  are:  cock,  81^;  hen,  6)4;  cockerel,  7}^;  pullet,  5^. 

MEDITERRANEAN  BREEDS 

The  breeds  of  Italian  origin  are  smaller  than  the  Asiatic  and  other 
classes,  and  in  America  the  Leghorns  especially  have  been  bred  for  egg 
production  rather  than  for  the  production  of  table  poultry,  except  as 
broilers.  The  breeds  of  Spanish  origin  are  somewhat  larger  than  the 
Leghorns  and  Anconas  but  have  not  been  bred  so  extensively  for  egg 
production.  All  of  the  Mediterranean  breeds  have  nonfeathered  shanks, 
white  or  creamy-white  ear  lobes,  lay  white-shelled  eggs,  and  are  nonbroody. 

Leghorn. — The  Leghorn  originated  in  Italy  and  was  first  imported 
into  America  about  1835  and  from  America  was  imported  into 
England.  The  breed  is  noted  for  the  graceful  blending  of  its  different 
sections  and  its  stylish  carriage.  All  of  the  varieties  of  Leghorns  have 
yellow  beaks,  skin,  shanks,  and  toes.  The  standard  weights,  in  pounds, 
are:  cock,  6;  hen,  4J^;  cockerel,  5;  pullet,  4.  There  are  single-comb  and 
rose-comb  varieties. 

The  single  comb  in  the  male  should  be  of  medium  size  and  should  stand 
erect,  with  five  regular,  deeply  serrated  points,  the  back  of  the  comb 
extending  straight  out  from  the  back  of  the  head.  In  the  female  the 
front  of  the  first  point  should  stand  erect,  but  the  remainder  of  the  comb 
should  droop  to  one  side.  The  comb  in  both  sexes  should  be  free  from 
wrinkles,  “thumbmarks,”  or  folds. 

In  the  rose-comb  variety  the  comb  of  the  male  should  be  of  medium 
size  and  square  in  front,  well  filled  and  free  from  hollows,  the  spike  well 
developed  and  extending  straight  back  from  the  head.  In  the  female 
the  comb  is  small  and  neat  and  in  shape  is  like  that  of  the  male. 

The  Smgle-comb  White  Leghorn  is  white  throughout  and  should  be 
free  from  any  brassiness  or  creaminess,  as  in  other  white  varieties. 

The  Rose-comb  White  Leghorn  is  identical  with  the  Single-comb 
White  Leghorn,  except  for  the  rose  comb. 

The  Single-comb  Light  Brown  Leghorn  was  first  imported  into  America 
about  1835.  It  is  parti-colored,  the  female  being  more  somber  colored 
than  the  male.  The  latter  has  a  hackle  of  orange  color,  the  lower  feathers 
of  which  are  striped  down  the  middle  with  black.  The  breast  is  black, 
the  wing  bows  are  bright  red,  the  back  is  reddish  brown,  and  the  saddle 
is  light  orange  or  lemon;  the  feathers  of  the  back  and  saddle  should  be 
free  from  shafting.  The  dull-black  primaries  and  secondaries  have  the 
lower  webs  edged  with  brown.  The  feathers  over  the  lower  part  of  the 
body  are  slate  tinged  with  brown.  The  tail  is  black. 
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In  the  female  the  neck  feathers  are  golden  yellow  with  a  black  stripe 
extending  down  the  center  of  each  feather.  The  breast  is  a  rich  salmon 
color  and  should  be  free  from  penciling,  stippling,  or  shafting.  The 
sides  of  the  breast  shade  gradually  to  the  color  of  the  wings.  The  pri¬ 
maries  are  a  slaty  brown  with  the  outer  webs  showing  a  narrow  edging 
of  brown.  The  secondaries  are  brown,  with  the  outer  webs  finely  stippled 
with  lighter  brown.  The  back,  body,  tail  coverts,  wing  bows,  and  coverts 
in  surface  color  are  of  light  brown,  finely  stippled  with  darker  brown. 
The  shade  of  color  over  the  back,  wing  bows,  and  coverts  should  be  even, 
and  the  feathers  free  from  shafting.  The  fluff  and  thighs  are  slate, 
tinged  with  brown.  The  undercolor  in  both  sexes  is  slate. 

The  Single-comb  Dark  Brown  Leghorn  male  has  a  dark-red  head,  a 
rich-red  hackle  and  saddle,  and  the  feathers  are  striped  with  a  greenish- 
black  stripe  extending  through  the  middle  of  each  feather.  The  back 
is  of  the  same  shade  as  the  hackle  but  is  without  striping.  The  wing 
bows  are  rich  red,  the  fronts  and  coverts  greenish  black,  which  show  as  a 
distinct  wing  bar  when  the  wing  is  folded.  The  primaries  are  black, 
the  lower  webs  edged  with  brown.  The  secondaries  are  black,  the 
lower  webs  showing  edges  of  brown.  The  tail,  body,  breast,  fluff,  and 
thighs  are  black.  The  undercolor  throughout  is  slate. 

The  female  is  of  a  darker  shade  than  the  female  of  the  Light  Brown 
variety.  The  neck  feathers  should  be  well  striped  with  black.  The 
breast  is  a  dark  reddish  salmon  stippled  with  brown.  The  wings  and 
back  should  be  black,  stippled  with  a  darker  brown.  There  should  be  no 
shafting,  but  the  plumage  should  show  a  greenish  sheen  free  from  purple. 
The  stippling  is  much  coarser  than  in  the  Light  Brown  female.  The 
undercolor  should  be  slate,  running  quite  dark  down  to  the  skin. 

The  Rose-comb  Brown  Leghorn  was  produced  about  1880  from  crosses 
between  the  Red  Cap  and  the  Golden  Spangled  and  Golden  Penciled 
Hamburgs.  Originally  in  the  color  pattern  the  male  was  the  counterpart 
of  the  male  of  the  Single-comb,  Dark  Brown  variety,  and  the  female  in 
color  pattern  the  counterpart  of  the  Single-comb,  Light  Brown  variety. 
In  the  “ Standard  of  Perfection”  now,  however,  the  Rose-comb  Brown 
Leghorns  are  divided  into  two  classes,  as  in  the  case  of  the  Single-comb 
variety,  light  brown  and  dark  brown.  The  Rose-comb  Dark  Brown 
Leghorn  male  and  female  are  color  counterparts  of  the  Single-comb 
Dark  Brown  Leghorn  male  and  female,  respectively.  The  same  thing 
applies  to  the  color  of  the  Rose-comb  Light  Brown  Leghorn  male  and 
female  when  compared  with  the  Single-comb  Light  Brown  Leghorn  male 
and  female,  respectively. 

The  Single-comb  Buff  Leghorn  is  of  the  same  golden-buff  color  as  found 
in  the  Buff  Plymouth  Rock  and  other  buff  varieties. 

The  Rose-comb  Buff  Leghorn  is  the  counterpart  in  color  of  the  Single¬ 
comb  Buff  variety. 
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The  Single-cornb  Black  Leghorn  should  be  black  in  all  sections,  showing 
a  lustrous  sheen  free  from  purple  barring.  The  undercolor  throughout 
is  dull  black. 


Black  Langshan. 

S.  C.  Black  Minorca. 


Fig.  6. 


Jersey  Black  Giant. 
Australorp. 


The  Silver  Leghorn  is  of  relatively  recent  origin  in  which  the  sexes 
differ  materially  in  feather  markings. 
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The  male  has  a  silvery  white  surface  color;  the  head  is  silvery  white, 
and  the  hackle  is  white,  each  feather  having  a  median  stripe  of  black. 
The  wing  fronts  and  shoulders  are  black,  the  bows  are  silvery  white,  the 
coverts  black,  forming  a  distinct  bar  across  the  wing.  The  primaries 
are  black,  except  for  the  silvery  white  outer  edges  of  the  lower  feathers. 
The  secondaries  are  also  black;  the  back,  saddle,  and  lower  tail  coverts 
are  silvery  white.  The  cape,  main  tail  feathers,  sickles,  upper  tail 
coverts,  breast,  body,  thighs,  and  fluff  are  black. 

In  the  female  the  head  and  neck  are  silvery  gray,  each  feather  of  the 
latter  showing  a  narrow  black  stripe.  The  wing  bows  and  coverts  are 
silvery  white,  finely  stippled  with  ashy  gray,  giving  these  sections  a 
general  gray  cast.  In  the  primary  and  secondary  feathers  the  upper 
webs  are  gray,  and  the  lower  webs  slaty  gray.  The  front  of  the  neck 
is  a  light  salmon,  and  the  breast  is  salmon,  fading  gradually  to  the  color 
of  the  wings  at  the  side.  The  back,  body,  and  thighs  are  the  same  color 
as  the  wing  bows  and  coverts.  The  tail  is  black,  except  that  the  upper 
two  feathers  are  light  gray  and  the  tail  coverts  are  gray.  The  fluff  is  a 
light,  ashy  gray.  In  both  sexes  the  undercolor  is  gray  throughout. 

The  Red  Leghorn  is  a  newly  developed  variety  of  Leghorns,  having 
been  admitted  to  the  “Standard  of  Perfection”  in  1929.  The  color  of  the 
surface  plumage  is  an  even  shade  of  rich  brilliant  red,  and  the  undercolor 
is  red. 

The  Black  Tailed  Red  Leghorn  is  also  another  newly  developed  variety 
of  Leghorns  admitted  to  the  “Standard  of  Perfection”  in  1929.  The 
plumage  color  is  practically  identical  with  that  of  the  Rhode  Island  Red. 

The  Columbian  Leghorn  was  first  admitted  to  the  “Standard  of  Perfec¬ 
tion”  in  1929.  The  plumage  color  is  similar  to  that  of  the  Columbian 
Plymouth  Rock  and  Columbian  Wyandotte. 

Ancona. — The  Ancona  originated  in  the  vicinity  of  Ancona  in  Italy. 
It  was  imported  into  England  about  the  middle  of  the  last  century,  and 
from  England  it  was  later  imported  into  America.  It  is  of  the  same 
general  type  as  the  Leghorn.  The  standard  weights,  in  pounds,  are: 
cock,  6;  hen,  4 cockerel,  5;  pullet,  4. 

The  Single-comb  Ancona  and  the  Rose-comb  Ancona  are  the  two  varie¬ 
ties  of  this  breed,  and  they  are  identical  in  every  respect  except  in  the 
shape  of  the  comb.  The  single  comb  is  identical  in  shape  with  the  Leg¬ 
horn  single  comb  of  each  sex,  and  the  rose  comb  in  the  Ancona  female 
is  identical  in  shape  with  the  Leghorn  female  rose  comb;  but  in  the  Ancona 
male  it  is  slightly  smaller  than  in  the  Leghorn  male. 

The  Ancona  has  a  plumage  color  of  lustrous  black  with  certain  of 
the  feathers  tipped  with  a  V-shaped  white  tip.  The  proportion  of 
feathers  carrying  such  a  white  tip  varies  from  one  in  two  to  one  in  five 
in  different  sections.  The  black  surface  color  of  the  male  has  a  greenish 
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sheen,  which  is  absent  in  the  female.  The  main  tail  feathers  and  sickles 
of  the  male  and  the  main  tail  feathers  of  the  female  are  each  tipped  with 
white.  The  primary  and  secondary  wing  feathers  also  carry  white  tips. 
The  undercolor  is  dark  slate  throughout.  The  beak  is  yellow  with  the 
upper  mandible  shaded  with  black,  and  the  shanks  and  toes  are  yellow 
or  yellow  mottled  with  black. 

Minorca. — The  Minorca  either  descended  directly  from  the  old 
Spanish  Castilian  breed  or  had  the  same  common  ancestor,  but  the 
more  improved  Minorcas  came  from  the  Balearic  Islands  off  the  east 
coast  of  Spain.  It  is  noted  for  its  length  of  body,  large  comb,  and  long 
wattles  and  is  the  largest  of  the  Mediterranean  breeds.  The  long  back 
has  a  noticeable  slope  downward  from  the  shoulders  to  the  base  of  the  tail. 
The  tail  is  carried  rather  low  and  is  well  spread.  The  breast  is  prominent 
and  well  rounded.  The  skin  of  all  varieties  of  the  Minorcas  is  white. 

In  the  single-comb  varieties  the  comb  is  unusually  large.  In  the  male 
it  is  erect  and  has  six  evenly  and  deeply  serrated  points.  The  blade  of 
the  comb  has  a  tendency  to  follow  the  neck.  In  the  female  also  the  comb 
is  large  and  six-pointed,  and  the  front  of  the  comb  folds  to  one  side,  the 
remainder  drooping  to  the  other  side  of  the  head. 

In  the  rose-comb  varieties  the  comb  of  the  male  is  fairly  large,  square 
in  front,  and  terminates  in  a  well-defined  spike  which  has  a  tendency  to 
follow  the  neck.  The  rose  comb  of  the  female  is  practically  the  same  in 
shape  as  that  of  the  male  but  is  smaller. 

The  standard  weights  in  pounds  of  the  Single-comb  Black  Minorcas 
are:  cock,  9;  hen,  7}^;  cockerel,  71^;  pullet,  6^.  Of  the  other  varieties 
of  Minorcas  the  weights  are:  cock,  8;  hen,  6J^;  cockerel,  6}ff;  pullet,  5}<2- 

The  Single-comb  Black  Minorca  is  black  with  lustrous,  greenish  sheen 
over  the  surface,  which  should  be  free  from  purple  barring.  The  under¬ 
color  is  dull  black.  The  beak  is  black,  and  the  shanks  and  toes  are  black 
or  dark  slate. 

The  Rose-comb  Black  Minorca  is  identical  with  the  Single-comb 
Black  Minorca  in  color,  but  is  1  pound  lighter  in  standard  weight. 

The  Single-comb  White  Minorca  should  be  white  throughout,  free 
from  any  foreign  color.  The  beak,  shanks,  and  toes  are  pinkish  white. 

The  Rose-comb  White  Minorca  is  the  counterpart  of  the  Single-comb 
White  Minorca,  except  for  the  comb. 

The  Single-comb  Buff  Minorca  should  be  an  even,  rich,  golden  buff 
throughout,  as  in  the  case  of  all  buff  varieties.  The  beak  is  light  horn, 
and  the  shanks  and  toes  are  white  or  pinkish  white. 

White  Faced  Black  Spanish. — The  White  Faced  Black  Spanish  has  a 
very  extensive  white  face  which  should  be  quite  smooth  and  free  from 
wrinkles.  In  type  the  Spanish  is  very  much  the  same  as  the  Minorca, 
although  it  has  not  quite  so  long  a  body  and  has  a  somewhat  higher 
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carriage  of  tail.  The  skin  is  white.  The  comb  is  single  and  rather  large, 
although  not  so  large  as  in  the  single-comb  Minorca.  It  has  five  regular, 
deeply  serrated  points,  and  the  blade  extends  nearly  straight  back  from 
the  head,  having  little,  if  any,  tendency  to  follow  the  neck.  The  comb 
of  the  female  is  erect  in  front  and  droops  to  one  side.  The  standard 
weights,  in  pounds,  are:  cock,  8;  hen,  cockerel,  6}4;  pullet,  53d>- 
The  plumage  color  should  be  black  throughout  with  a  lustrous,  greenish 
sheen.  The  undercolor  is  dark  slate  throughout.  The  beak  is  black, 
and  the  shanks  and  toes  are  dark  leaden  blue  or  black. 

Blue  Andalusian. — The  Blue  Andalusian  is  of  Spanish  origin  and  is 
of  interest  mainly  because  of  its  interesting  color,  which  is  identical  with 
that  of  the  Blue  Plymouth  Rock,  except  that  the  skin  is  white,  the  beak 
horn  colored,  and  the  shanks  and  toes  leaden  blue.  The  comb  is  single, 
that  of  the  male  somewhat  larger  than  the  comb  of  the  Leghorn,  and 
the  blade  has  a  slight  tendency  to  follow  the  neck.  The  comb  of  the 
female  is  practically  identical  with  that  of  the  Leghorn  female.  The 
standard  weights,  in  pounds,  are:  cock,  7 ;  hen,  5}^ ; cockerel,  6;  pullet, 

CONTINENTAL  EUROPEAN  BREEDS 

A  number  of  breeds  of  Continental  European  origin  are  recognized 
as  standard  breeds  in  the  “  American  Standard  of  Perfection. ”  Very  few 
of  them,  however,  have  gained  great  popularity,  nor  have  they  become  of 
considerable  economic  significance,  and  because  of  these  reasons  they 
will  be  mentioned  only  briefly.  For  a  more  complete  description  of  the 
Continental  European  breeds  and  varieties  the  reader  is  advised  to 
consult  the  “American  Standard  of  Perfection,”  published  by  the  Amer¬ 
ican  Poultry  Association,  and  for  further  information  concerning  breeds 
not  included  in  the  “American  Standard  of  Perfection”  some  of  the 
references  given  at  the  end  of  the  chapter  may  be  consulted. 

The  Houdan  is  a  French  breed  and,  like  the  Dorking,  is  five  toed. 
The  Houdan  gained  considerable  prominence  in  France  because  of  its 
laying  and  meat-producing  qualities.  In  America,  however,  it  does  not 
hold  a  very  prominent  place  in  the  industry.  It  has  a  well-developed 
crest,  a  beard,  and  a  V-shaped  comb.  There  are  two  varieties,  the 
Mottled  and  the  White.  The  standard  weights,  in  pounds,  are:  cock,  73^; 
hen,  cockerel,  6J^;  pullet,  5}^. 

The  Faverolles  originated  in  France  from  crosses  involving  the 
Houdan,  Light  Brahma,  and  possibly  other  breeds.  In  France  it  has 
proved  to  be  a  good  table  bird  but  has  not  gained  prominence  elsewhere. 
It  has  a  beard,  muffs,  and  feathered  shanks.  The  Salmon  is  the  only 
standard  variety  recognized  in  America,  although  in  France  there  are 
also  the  Light  and  the  Black.  The  standard  weights,  in  pounds,  are: 
cock,  8;  hen,  61  cockerel,  7;  pullet,  51^. 
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The  Crevecoeur  is  primarily  a  Normandy  and  Picardy  breed,  descended 
from  the  Black  Polish.  In  America  the  Black  is  the  only  variety  recog¬ 
nized  as  a  standard  breed,  while  France  recognizes  two  others,  White 
and  Buff.  The  standard  weights,  in  pounds,  are :  cock,  8;  hen,  7 ;  cockerel, 
7;  pullet,  6. 

The  La  Fleche  is  another  breed  of  French  origin  and,  like  the  Creve¬ 
coeur,  is  not  very  popular  in  the  United  States.  The  general  type  is 
somewhat  like  the  Crevecoeur;  the  plumage  color  is  also  solid  black. 
On  the  other  hand,  the  La  Fleche  has  no  crest  or  beard  but  has  a  Y-shaped 
comb  which  is  larger  than  that  of  either  the  Houdan  or  the  Crevecoeur. 
The  standard  weights,  in  pounds,  are:  cock,  8}^;  hen,  7}^;  cockerel,  73^; 
and  pullet,  6J^.  The  La  Fleche  lays  a  white-shelled  egg. 

The  Campine  breed  takes  its  name  from  the  Campine  district  of 
Belgium  where  it  was  developed  several  centuries  ago.  Two  varieties 
are  recognized  in  America,  the  Silver  and  the  Golden,  the  males  in  both 
varieties  being  hen  feathered.  The  secondary  sexual  feathers,  the  hackle, 
saddle,  and  lesser  tail  feathers  of  the  male  are  of  the  same  shape  and 
approximately  the  same  length  as  in  the  female.  The  standard  weights, 
in  pounds,  are:  cock,  6;  hen,  4;  cockerel,  5;  pullet,  33^. 

The  Buttercup  was  imported  into  America  direct  from  Sicily  in  1835. 
The  characteristic  feature  of  the  Buttercup  breed  is  the  cup-shaped  comb. 
The  ear  lobe  is  white.  The  standard  weights,  in  pounds,  are:  cock,  6; 
hen,  4;  cockerel,  5;  and  pullet,  3. 

The  Polish,  according  to  the  best  information  available,  is  descended 
from  an  old  Italian  breed,  and  early  strains  had  infusions  of  other  breeds. 
The  outstanding  characteristic  of  the  Polish  is  a  well-developed  crest 
surmounting  the  head,  and  in  some  varieties  there  is  also  a  beard.  There 
are  no  standard  weights.  Outside  certain  sections  of  Europe  the  Polish 
is  recognized  largely  as  a  fancy  fowl.  It  was  imported  into  America 
about  1835,  and  eight  varieties  are  recognized  as  standard:  the  White 
Crested  Black ,  the  Bearded  and  the  Nonbearded  Golden,  the  Bearded  and 
the  Nonbearded  Silver,  the  Bearded  and  the  N onbearded  White,  and  the 
Buff  Laced. 

The  Hamburg  is  probably  the  original  rose-comb  fowl,  and  its  ancestry 
dates  back  to  the  time  of  the  early  poultry  culture  in  Holland  and 
Germany.  The  Hamburg  is  small  in  size,  though  there  are  no  standard 
weights.  The  comb  is  rose,  the  spike  of  which  turns  slightly  upward. 
The  ear  lobe  is  white.  In  America  six  varieties  are  recognized,  the 
White,  Black,  Golden  Spangled,  Silver  Spangled,  Golden  Penciled,  and 
Silver  Penciled. 

The  Malay  is  a  black-red  breed  which  apparently  originated  in 
southeastern  Asia.  The  standard  weights,  in  pounds,  are:  cock,  9; 
hen,  7;  cockerel,  7;  pullet,  5. 
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The  Sumatra,  a  black  breed,  originated  in  the  islands  of  the  Asiatic 
Archipelago,  including  Sumatra.  It  has  a  very  long,  drooping  tail  and 
a  V-shaped  comb.  There  are  no  standard  weights. 

GAME  BREED 

The  Game  breed  includes  a  number  of  varieties,  but  as  a  group  it 
has  certain  definite  characteristics.  The  birds  are  very  striking  in 
appearance,  with  solidly  developed  bodies  with  close-fitting  plumage. 
They  stand  upright  and  have  great  width  of  the  shoulders,  with  sloping- 
backs  and  drooping  tails.  This  general  appearance  is  highly  prized 
in  the  breed  and  is  referred  to  in  the  ‘‘Standard  of  Perfection”  as  the 
“station”  of  the  bird.  A  high-stationed  bird  is  desired.  The  comb  is 
single,  although  if  dubbed  (cut  off)  it  should  have  a  neat  and  smooth 
appearance;  the  comb  and  wattles  of  the  cock  bird  should  be  dubbed. 
Games  lay  brown-shelled  eggs  and  are  classed  as  a  broody  breed. 

The  varieties  of  the  Game  class  include  the  Black  Breasted  Red , 
Brown  Red,  Golden  Duckwing,  Silver  Duckwing,  Birchen,  Red  Pyle,  White, 
and  Black. 


MISCELLANEOUS  BREEDS 

Three  miscellaneous  breeds  recognized  as  standard  in  America  include 
the  Frizzle,  with  its  peculiar  development  of  the  feathers  which  show  a 
tendency  to  curve  outward  at  their  ends;  the  Silkie,  with  its  blue  skin 
and  silky-appearing  feather  formation;  and  the  Sultan,  with  its  \ -shaped 
comb,  a  crest,  muffs,  beard,  and  vulture  hocks. 

Of  the  many  other  miscellaneous  breeds  in  the  world  today,  only 
three  will  be  mentioned,  because  of  their  peculiar  characteristics.  The 
Yokohama,  of  Japanese  origin,  is  interesting  from  the  fact  that  some  of 
the  tail  and  saddle  feathers  are  developed  to  extreme  length,  sometimes 
as  long  as  20  ft.  The  Araucana,  of  South  American  origin,  is  of  interest 
because  it  has  a  peculiar  growth  of  feathers  on  each  side  of  the  neck,  is 
frequently  rumpless,  and  lays  a  light  blue  tinted  egg.  The  Creeper  is 
noted  for  its  extremely  short  legs. 

BANTAM  BREEDS 

Bantams  are  kept  by  many  to  whom  the  type  appeals  and  who  take 
pleasure  in  working  out  the  breeding  problem  that  it  presents.  The 
development  of  various  color  patterns  is  also  an  incentive  in  bantam 
breeding. 

The  breeds  of  bantams  include  miniatures  of  the  varieties  of  Games, 
mentioned  previously,  and  a  number  of  ornamental  breeds,  including 
the  Golden  and  the  Silver  Sebright;  the  White  and  the  Black  Rose-comb; 
Wyandotte;  Dark  Cornish;  the  Light  and  the  Dark  Brahma;  the  Buff,  the 
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Black ,  the  White,  and  the  Partridge  Cochin;  the  Black,  the  Gray,  the  White, 
and  the  Black  Tailed  Japanese;  the  Booted  White;  and  Mille  Fleur  Booted 
Bantam. 

JUDGING  CHICKENS  FOR  STANDARD  QUALITIES 

Descriptions  have  been  given  of  the  ideal  bird  in  most  of  the  standard 
breeds  and  varieties  recognized  by  the  American  Poultry  Association, 
and  it  was  pointed  out  that  the  majority  of  the  breeds  possess  egg-laying 
and  meat-producing  qualities.  Although  it  is  true  that  every  poultry 
breeder  desires  birds  of  the  ideal  breed  type  and  variety  color  or  other 
quality  called  for  in  the  “  Standard  of  Perfection/’  it  is  obvious  that  very 


Fig.  7.— Types  of  combs  on  females  of  different  breeds.  1,  single  (Plymouth  Rocks 
and  Rhode  Island  Reds) ;  2,  pea  (Brahmas) ;  3,  rose  (Wyandottes) ;  4,  single  (Minorcas) ; 
5,  single  (Leghorns);  6,  rose  (Rhode  Island  Reds).  ( U .  S.  Dept.  Agr.) 

few  birds  attain  the  ideal.  Hence,  it  is  natural  that  poultry  breeders 
should  judge  their  fowls  from  the  standpoint  of  the  extent  to  which  they 
approach  the  ideal. 

As  long  as  the  public  takes  cognizance  of  the  standard  requirements  of 
breeds  and  varieties,  it  seems  obvious  that  some  consideration  should  be 
given  to  the  characteristics  that  make  one  bird  superior  to  another  in 
qualifying  for  the  ideal  established.  At  the  same  time,  it  is  unwise  for 
poultry  breeders  to  go  to  extremes  by  attaching  too  much  importance  to 
numerous  minor  characters  that  have  no  economic  significance. 

Score-card  Judging. — For  the  purpose  of  judging  chickens  according 
to  their  standard  qualities  a  scale  of  points  has  been  developed,  whereby 
each  bird  may  be  scored  and  its  various  sections  given  a  certain  number 
of  points.  The  total  number  of  points  given  for  each  section  is  a  measure 
of  the  relative  value  of  that  section  compared  with  other  sections. 
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Certain  values  are  given  to  the  weight  of  the  bird  as  well  as  to  its  sym¬ 
metry  and  vigor  and  condition.  The  theory  of  score-card  judging  is  to 
teach  students  in  poultry  husbandry  and  breeders  the  relative  merits 
of  the  different  sections  of  the  bird  as  well  as  to  bring  out  differences  that 
may  exist  among  the  birds  being  judged. 

Judging  birds  by  the  score  card  is  of  great  value  in  impressing  upon 
the  mind  of  the  person  doing  the  scoring  the  merits  and  demerits  of 
the  different  shape  and  color  sections.  The  different  sections  of  the 
adult  chicken  are  shown  in  Fig.  2.  The  scales  of  points  for  chickens  of 
the  American,  Mediterranean,  and  certain  other  breeds  are  given  in  Table 
1.  For  the  scales  of  points  for  other  breeds  the  reader  should  consult 
the  “American  Standard  of  Perfection.” 


Table  1.— Scale  of  Points  Used  in  Judging  the  Various  Classes  of  Chickens, 
except  French  Breeds,  Hamburg,  Polish,  Silkies,  and  Game,  Polish,  and 

Rose-comb  Bantams 


Character 

White 

Solid  color 

Parti-color 

Shape 

Color 

Shape 

Color 

Shape 

Color 

1.  Symmetry . 

4 

4 

4 

2.  Weight  or  size . 

4 

4 

.  . 

4 

3.  Condition  and  vigor . 

10 

10 

.  . 

10 

4.  Comb . 

5 

5 

5 

5.  Beak . 

2 

1 

2 

1 

2 

1 

6.  Head . 

3 

1 

3 

1 

3 

1 

7.  Eyes . 

2 

2 

2 

2 

2 

2 

8.  Wattles . 

2 

2 

2 

9.  Ear  lobes . 

2 

2 

2 

2 

2 

2 

10.  Neck . 

3 

3 

2 

4 

1 

5 

11.  Wings . 

5 

3 

4 

4 

3 

5 

12.  Back . 

8 

4 

7 

5 

6 

6 

13.  Tail . 

5 

3 

4 

4 

4 

4 

14.  Breast . 

7 

3 

5 

5 

5 

5 

15.  Body  and  fluff . 

5 

3 

5 

3 

4 

4 

16.  Legs  and  toes . 

5 

3 

5 

3 

5 

3 

72 

28 

66 

34 

62 

38 

Comparison  Judging. — While  the  judging  of  birds  by  the  score-card 
method  is  of  great  value  to  beginners  and  students,  experienced  judges 
and  breeders  usually  judge  chickens  in  poultry  shows  by  the  comparison 
method.  Each  bird  is  handled  individually,  but  the  birds  are  compared 
among  themselves  as  units  rather  than  being  scored  section  by  section. 
The  same  situation  exists  in  the  judging  of  horses,  cattle,  sheep,  and 
swine;  students  in  animal  husbandry  are  taught  to  score  each  animal 
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individually,  but  in  the  livestock  shows  judging  is  done  by  the  compari¬ 
son  method  without  individually  scoring  each  animal. 


Fig.  8. — Ideal  types  of  combs  on  males.  1,  single  (Plymouth  Rock);  2  and  3,  pea 
(Brahma);  4,  rose  (Wyandotte);  5,  single  (Minorca);  6,  single  (Leghorn);  7,  V-shaped 
(Houdan) ;  8,  rose  (Hamburg);  9,  strawberry  (Malay).  ( U .  S.  Dept.  Agr.) 

DISQUALIFICATIONS  AND  DEFECTS 

In  the  judging  of  chickens  it  becomes  obvious  that  not  only  are  no 
two  chickens  alike  but  also  that  some  of  them  may  have  rather  serious 
defects  in  one  or  more  sections.  For  instance,  a  bird  may  be  desirable 
in  every  respect  except  that  it  has  a  crooked  back  or  other  deformity. 
A  single-comb  male  bird  may  be  apparently  almost  a  perfect  specimen 
except  for  a  badly  lopped  comb,  illustrated  in  Fig.  9,  or  the  comb  may 
possess  side  sprigs,  illustrated  in  Fig.  9.  In  breeds  characterized  by 
having  unfeathered  shanks  there  may  appear  on  the  shanks  featherlike 
growth  or  stubs,  or  bits  of  down  may  appear  between  the  toes.  The  tails 
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of  some  birds  may  depart  so  much  from  the  normal  shape  that  they  are 
either  wry  tailed  or  squirrel  tailed,  as  shown  in  Fig.  10. 

Some  of  the  defects  mentioned  above  are  transmitted,  and  some  of 
them  as  well  as  others  described  in  the  “ Standard  of  Perfection”  are 
regarded  as  such  serious  departures  from  the  ideal  shape  and  color  stand¬ 
ards  desired  that  they  are  called  “ disqualifications.”  A  bird  possessing 
any  one  of  them  is  barred  from  winning  a  prize  in  the  showroom  and 
should  not  be  used  in  the  breeding  pen.  Some  birds  may  have  certain 
shape  and  color  defects  that  do  not  constitute  disqualifications  but  for 


Fig.  9. — Defective  types  of  combs  on  males.  1,  thumb  mark;  2,  lopped;  3,  hollow  center; 
4  side  sprig;  5,  uneven  serrations;  6,  twisted.  (U.  S.  Dept.  Agr.) 


which  cuts  in  scoring  are  provided.  These  defects  are  listed  in  the 
“Standard  of  Perfection”  together  with  the  minimum  and  maximum 
cuts  in  points  allowed  for  each  defect. 

In  the  selection  of  breeding  stock,  disqualifications  and  defects  ol 
major  importance  should  always  be  kept  in  mind,  especially  those  that  are 
inherited.  Students  of  poultry  culture  should  know  the  more  general 
characteristics  of  the  breeds  most  extensively  bred,  and  with  this  in 
mind  the  following  ready-reference  list  is  given  here: 

Single  comb  only:  Australorp,  Jersey  Black  Giant,  Single-comb  Black 
Minorca,  New  Hampshire,  Orpington,  Plymouth  Rock  and  Sussex. 

Single  and  rose  comb:  Ancona,  Leghorn,  and  Rhode  Island  Red. 

Rose  comb  only:  Rhode  Island  White  and  Wyandotte. 

Pea  comb  only:  Brahma  and  Cornish. 
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Red  or  white  ear  lobe:  Leghorn,  Ancona,  and  Minorca,  white;  all 
others  mentioned  above,  red. 

White  or  yellow  skin:  Australorp,  Minorca,  Orpington,  and  Sussex, 
white;  all  others  mentioned  above,  yellow. 

Black  shank:  Jersey  Black  Giant. 

Dark-slate  shank:  Australorp  and  Black  Minorca. 

White  shank:  Orpington  and  Sussex. 

Yellow  shank:  All  others  mentioned  above. 

Feathered  or  nonfeathered  shanks:  Brahma,  feathered;  others, 
nonfeathered. 

Brown  or  white  eggs:  Ancona,  Leghorn,  Minorca,  white;  others,  brown. 


Table  2. — The  Standard  Weights  in  Pounds  of  Some  Representative  Breeds 


Breed 

Cock 

Hen 

Cockerel 

Pullet 

Ancona . 

6 

4K 

5 

4 

Australorp . 

00 

to\ 

6K 

7V2 

5  H 

Brahma  (Light) . 

12 

9K 

10 

8 

Cornish  (Dark) . 

10 

7V2 

8 

6 

Jersey  Black  Giant . 

13 

10 

11 

8 

Leghorn . 

6 

4K 

5 

4 

Minorca  (S.  C.  Black) . 

9 

7V2 

7V2 

6  H 

New  Hampshire . 

sn 

uy2 

7V2 

5  H 

Orpington . 

10 

8 

8M 

7 

Plymouth  Rock . 

9  % 

7V2 

8 

6 

Rhode  Island  Red . 

8L2 

6  H 

7  H 

5^ 

Rhode  Island  White . 

8  H 

6K 

7  y2 

5  % 

Sussex . 

9 

7 

7  y2 

6 

Wyandotte . 

8M 

6  H 

7  H 

5  K 

For  those  engaging  in  poultry  raising  for  the  first  time,  the  choice 
of  breed  and  variety  with  which  to  start  sometimes  presents  a  problem. 
The  choice  is  often  a  matter  of  personal  interest  in  plumage  coloration, 
but  in  most  cases  consideration  should  be  given  to  economic  qualities. 
Consideration  should  be  given  to  the  question  of  the  probable  demand  for 
market  eggs  having  white  or  brown  shells  and  to  the  adaptability  of  a 
breed  for  the  production  of  broilers,  fryers,  and  roasters.  Among  the 
breeds  listed  in  Table  2,  the  Ancona,  Leghorn,  and  Minorcas  lay  white 
eggs,  and  the  others  lay  brown  eggs.  The  Ancona  and  Leghorn  have 
the  same  standard  body  weights  and  are  the  smallest  of  the  breeds  listed. 
The  Australorp,  New  Hampshire,  Rhode  Island  Red,  Rhode  Island 
White,  and  Wyandotte  have  the  same  standard  body  weights.  The 
Single-comb  Black  Minorca,  Plymouth  Rock,  and  Sussex  have  approxi¬ 
mately  the  same  standard  body  weights ;  the  Dark  Cornish  and  Orpington 
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are  approximately  the  same.  The  Light  Brahma  is  slightly  larger,  and 
the  Jersey  Black  Giant  is  the  largest  of  all. 

Besides  taking  into  consideration  the  economic  qualities  of  the 
various  breeds  the  beginner  in  poultry  raising  should  appreciate  the 
fact  that  strains  within  a  breed  or  variety  frequently  differ  a  great  deal 
depending  upon  the  extent  to  which  they  have  been  selected,  bred,  and 
developed  for  the  various  economic  and  other  qualities.  In  fact,  in 
many  respects  it  is  more  a  matter  of  the  breeding  worth  of  a  particular 
strain  in  addition  to  the  standard-bred  qualities  of  a  breed  or  variety  that 


.  2 

MALES  WITH  DEFECTIVE  WL  CAEEIAEE. 

1  pqpiREEL  Z  WRY 

Fig.  10. — Males  possessing  these  defects  should  not  be  used  as  breeders.  ( U .  S.  Dept.  Agr.) 

should  really  be  the  determining  factor  in  deciding  upon  which  breed  or 
variety  to  keep. 
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CHAPTER  II 


THE  BIOLOGY  OF  THE  CHICKEN 

The  characteristics  that  distinguish  one  breed  or  variety  of  chickens 
from  another  breed  or  variety  are  external  characteristics  which  can  be 
seen  by  the  naked  eye.  Though  everyone  appreciates  the  fact  that  life 
comes  from  life,  there  are  too  few  who  realize  that  the  external  appearance 
of  a  chicken  is  but  the  manifestation  of  certain  fundamental  processes 
which  take  place  within  the  organism. 

An  insight  into  the  mechanism  involved  in  the  transmission  of  char¬ 
acteristics  gives  one  a  much  clearer  understanding  concerning  the  manner 
in  which  a  chicken  comes  to  possess  certain  individual  characteristics. 
Chickens  belong  to  that  class  of  animals  called  birds,  and  the  outstanding 
characteristic  that  differentiates  birds  from  all  other  animals  is  that  they 
have  feathers.  But  chickens  differ  from  other  birds  in  certain  important 
respects;  and  before  entering  into  a  discussion  of  the  basis  of  the  reproduc¬ 
tion  of  characteristics  from  one  generation  to  another,  it  is  well  to  observe 
the  relationship  between  chickens  and  other  animals.  The  classification 
of  the  chicken  enables  one  to  gain  a  clearer  impression  of  the  fundamental 
differences  between  the  chicken  and  other  birds. 

THE  CLASSIFICATION  OF  THE  CHICKEN 

The  animal  kingdom  is  divided  into  various  phyla  (singular,  phylum, 
from  the  Greek  word  meaning  a  “ tribe”  or  “race”).  Birds  belong  to  the 
phylum  Chordata,  all  animals  belonging  to  which  possess  an  axial 
skeleton,  the  notochord  lying  between  the  nervous  system  and  the  ali¬ 
mentary  tract;  a  central  nervous  system  entirely  on  one  side  of  the 
digestive  canal,  and  gill  slits  extending  from  the  pharynx  to  the  exterior. 

One  subphylum  of  the  Chordata  is  the  Vertebrata,  the  members  of 
which  have  an  axial  skeleton,  consisting  of  skull  and  vertebral  column, 
which  more  or  less  completely  replace  the  notochord.  I  here  are  also 
many  other  distinguishing  characteristics,  including  two  kinds  of  append¬ 
ages,  a  brain  consisting  of  five  parts,  and  highly  developed  eyes  and  ears. 

The  subphylum  Vertebrata  is  divided  into  a  number  of  classes,  such  as 
fishes,  reptiles,  birds,  and  mammals.  Birds  belong  to  the  class  Aves 
(from  the  Latin  avis,  meaning  “bird”),  the  members  of  which  are  dis¬ 
tinguished  by  having  feathers  and  a  four-chambered  heart.  They  are 
also  warm  blooded.  All  modern  birds  have  no  teeth,  and  so  they  are 
placed  in  the  subclass  Neornithes. 
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Next  in  the  classification  of  birds  comes  the  superorder  Neognathae, 
which  comprises  all  birds  with  a  keeled  sternum.  In  this  superorder  are 
included  pheasants,  chickens,  turkeys,  guineas,  pigeons,  ducks,  and 
geese. 

Pheasants,  chickens,  turkeys,  and  guineas  all  belong  to  the  order 
Gallinae.  They  have  compact  bodies  and  well-developed  wings  and 
legs,  so  that  they  can  run  and  fly  without  excelling  in  either  direction; 
the  legs  and  toes  are  adapted  for  scratching,  and  the  hind  toe  is  elevated. 

The  Chicken  Belongs  to  the  Pheasant  Family. — The  suborder  Galli 
includes  birds  that  are  cocklike,  and  included  in  this  suborder  is  the 
family  Phasianidae,  the  pheasants,  which  have  tarsi  with  spurs. 

The  pheasants  all  belong  to  one  family  comprised  of  seven  subfamilies. 
The  chief  distinguishing  feature  among  four  of  the  most  closely  related 
subfamilies  is  the  manner  of  molting  the  tail  feathers.  In  the  first  sub¬ 
family  the  molt  of  the  tail  is  centrifugal;  i.e.,  the  feathers  molt  in  regular 
order  from  the  center  to  the  outside;  in  the  second  subfamily  the  tail 
molt  is  centripetal;  in  the  third,  the  tail  molt  is  from  the  third  pair  of 
feathers,  outward  and  inward;  in  the  fourth,  the  tail  molt  is  from  the 
sixth  pair  outward. 

In  the  fowl  the  tail  molt  is  centripetal  in  manner,  so  that  the  fowl 
belongs  to  the  second  subfamily,  called  “  Phasianinae.”  There  are 
several  different  pheasants  belonging  to  this  subfamily,  but  the  fowl 
is  the  only  pheasant  with  a  fleshy  comb  so  that  it  is  placed  in  a  genus 
called  “Gallus,”  meaning  a  comb. 

The  biological  classification  is  as  follows: 

Kingdom,  animal  as  distinguished  from  the  plant  kingdom. 

Phylum,  chordata:  axial  skeleton  with  notochord. 

Subphylum,  vertebrata:  skull  and  vertebral  column  replacing  notochord. 

Class,  Aves:  feathered,  four-chambered  heart,  warm  blooded. 

Subclass,  Neornithes:  without  teeth. 

Superorder,  Neognathae:  keeled  sternum. 

Order,  Gallinae:  Gallinaceous  birds;  fowls. 

Suborder,  Galli:  cocklike. 

Family,  Phasianidae:  tarsi  with  spurs. 

Subfamily,  Phasianinae:  centripetal  tail  molt. 

Genus,  Gallus:  a  comb. 

Species,  domesticus:  domestic  chicken. 

THE  STRUCTURE  OF  THE  CHICKEN 

From  the  structural  standpoint  the  chicken  is  an  interesting  creature. 
In  common  with  other  birds,  it  possesses  feathers  but  lacks  teeth.  It 
possesses  a  keeled  sternum,  is  cocklike  in  appearance,  and  has  tarsi  with 
spurs,  a  centripetal  tail  molt,  and  a  comb,  which  sets  it  apart  from  other 
birds. 
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In  comparison  with  most  of  the  other  domestic  animals  used  for  the 
production  of  food  for  mankind,  the  chicken  is  a  short-lived  creature,  its 
utility  being  spent,  for  the  most  part,  in  a  year  or  two.  It  is  also  a  fast¬ 
living  creature,  having  a  relatively  high  body  temperature,  a  high  pulse 
rate,  and  a  high  metabolic  rate.  It  is  a  rapid  breather. 

The  normal  body  temperature  of  chicks  varies  considerably  through¬ 
out  the  day  and  from  day  to  day.  At  Cornell  University  day-old  White 
Leghorn  chicks  have  been  observed  to  have  a  temperature  of  102°F. 
in  the  evening  and  106°F.  in  the  morning.  Rhode  Island  Red  chicks 
have  been  shown  to  have  a  lower  temperature  than  White  Leghorn  chicks, 
the  observations  having  been  made  at  7  and  10  days  of  age.  No  sig¬ 
nificant  differences  were  observed  in  the  temperatures  of  male  and  female 


Fig.  11.— The  wing  feathers  of  a  White  Leghorn  female  showing  the  axial  feather  between 
the  primaries  and  secondaries.  ( Warren  and  Gordon,  1935.) 

chicks.  The  normal  body  temperature  of  the  adult  chicken  during  the 
daytime  varies  from  approximately  105  to  approximately  109.5°F., 
and  the  daily  temperature  tends  to  be  lower  in  cold  than  in  hot  weather. 

Feathers  Arise  from  Feather  Tracts. — Feathers  serve  the  purpose  of 
conserving  body  heat,  keeping  out  the  cold,  and  protecting  the  bird 
against  physical  injury.  Although  feathers  cover  practically  all  of  the 
body,  they  arise  from  certain  defined  areas  of  the  skin  called  u  feather 
tracts”  or  “pterylae.”  In  the  normal  chicken  there  are  10  of  these 
feather  tracts,  feathers  developing  in  the  tracts  approximately  in  the 
following  order:  shoulder  (humeral  tract),  thigh  (femoral  or  lumbar 
tract),  rump  (caudal  tract),  breast  (pectoral  or  lateral  tract),  neck 
(cervical  or  anterior  spinal  tract),  abdomen  (ventral  or  inferior  tract), 
leg  (crural  tract),  back  (dorsal  or  posterior  spinal  tract),  wing  (alar 
tract),  head  (caput  or  head  tract).  In  the  Transylvania  Naked  Aeck 
chicken,  neck  feathers  are  absent. 
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Barbules 

A 


In  the  males  of  most  breeds,  the  neck  feathers,  those  over  the  rear  of 
the  back,  and  the  tail  feathers  are  longer  and  more  pointed  than  in 
females  and  are  called  “secondary  sexual”  feathers.  In  certain  breeds, 
such  as  Campines  and  Hamburgs,  the  males  have  the  same  type  of 
feather  as  in  the  females,  except  for  slightly  longer  tail  feathers;  such 
males  are  called  “hen-feathered”  males. 

Feather  Structure. — A  typical  feather  consists  of  the  quill,  which 
extends  throughout  the  vane  of  the  feather  as  the  shaft  or  rachis;  barbs 
branching  out  on  each  side  of  the  shaft;  barbules  branching  out  on  each 

side  of  the  barb;  barbicels  branching 
out  on  each  side  of  the  barbule.  The 
Silkie  breed  of  chicken  gets  its  name 
from  the  fact  that  the  barbules  lack 
barbicels,  giving  the  feathers  a  silky 
appearance. 

The  Skin. — The  skin  of  the  chicken, 
of  which  the  comb  and  the  wattles  are 
outgrowths,  has  no  glands  except  a 
preen  gland  or  so-called  oil  gland  at 
the  base  of  the  tail.  The  difference 
between  yellow  skin  and  white  skin  is 
due  to  the  presence  of  lipochrome 
(fat  pigment)  in  the  former  and  its 
absence  in  the  latter.  In  the  Silkie 
the  epithelium  is  unpigmented,  but 
chromatophores  are  distributed  in 
varying  density  throughout  the  con¬ 
nective  tissue,  periosteum  of  the 
bones,  and  other  organs  so  that  when 
the  bird  is  plucked  it  appears  to  be  black  because  of  the  dark  color  of 
the  underlying  tissues. 

Yellow  shank  color  is  due  to  the  presence  of  lipochrome  pigment  in  the 
epidermis  of  the  shank,  and  white  shank  color  is  due  to  its  absence. 
Light  blue  and  dark  blue  shank  color  occur  in  breeds  or  varieties  that 
have  a  white  skin,  melanic  pigment  being  deposited  in  the  dermis. 
Light  green  and  dark  green  shank  color  occur  in  breeds  or  varieties 
having  yellow  skin,  melanic  pigment  being  deposited  in  the  dermis. 
Black  shank  color  is  due  to  the  presence  of  melanic  pigment  in  the  epi¬ 
dermis  of  the  shank  in  breeds  with  white  skin  and  yellow  skin.  In 
white-skinned  breeds  the  bottoms  of  the  feet  are  white,  and  in  yellow¬ 
skinned  breeds  the  bottoms  of  the  feet  are  yellow. 

1  Evans,  Ernest,  “The  Biology  of  the  Fowl,”  By  permission  of  John  Dixon, 
Ltd.,  publishers. 


Fig.  12.- 


-The  structure  of  a 
( After  Evans.)1 


feather. 


THE  BIOLOGY  OF  THE  CHICKEN 


39 


The  Skeleton. — The  skeleton  of  the  chicken  is  very  light  in  weight, 
but  is  very  strong  as  a  result  of  the  keel  and  the  fusing  together  of  some 
of  the  long  bones  and  the  sacral  vertebrae.  In  the  “rumpless”  fowl 
the  last  bone  of  the  tail,  called  the  “pygostyle,”  the  free  caudal  vertebrae, 
and  the  last  two  vertebrae  of  the  synsacrum  are  missing.  In  the 
“Creeper”  fowl  the  tibia  and  fibula  are  much  shortened  so  that  the  legs 
are  much  shorter  than  in  normal  fowls. 


Fig.  13. — The  skeleton  of  a  fowl.  ( After  O.  Charnock  Bradley.)1 

The  Respiratory  System. — The  lungs  are  fastened  dorsally  to  the 
ribs  and  are  inexpansible  so  that  the  active  part  of  breathing  is  breathing 
out  or  expiration,  whereas  in  mammals  the  active  part  of  breathing  is 
breathing  in  or  inspiration.  Associated  with  the  lungs  of  chickens  are 
the  air  sacs,  which  also  communicate  directly  with  the  cavities  of  several 
of  the  long  bones  of  the  wings  and  legs. 

The  syrinx,  or  lower  larynx,  located  at  the  division  of  the  trachea 
into  the  two  bronchi,  is  the  organ  responsible  for  the  chicken’s  voice. 

The  Circulatory  System  and  the  Blood. — The  circulatory  system 
comprises  the  heart,  the  arteries,  and  the  veins.  The  blood  is  con¬ 
tinually  in  circulation,  carrying  oxygen  and  the  nutrients  to  different 
parts  of  the  body  for  the  development  and  repair  of  tissue  and  carrying 
away  carbon  dioxide  and  waste  products.  The  most  numerous  of  all 

1  Bradley,  O.  Charnock,  “The  Structure  of  the  Fowl.”  By  permission  of  A.  and 
C.  Black,  Ltd.,  publishers. 


40 


POULTRY  HUSBANDRY 


the  cells  found  in  blood  are  the  red  blood  cells  or  erythrocytes.  They 
are  oval  and  flattened  in  shape,  and  each  cell  contains  a  nucleus.  One 
of  the  important  constituents  of  red  blood  cells  is  hemoglobin,  a  protein 
substance  involved  in  the  carrying  of  oxygen  to  different  parts  of  the 
body.  The  white  blood  cells  or  leucocytes  are  fewer  in  number  than  the 
red  blood  cells  but  are  much  larger.  The  leucocytes  serve  the  very  impor¬ 
tant  function  of  protecting  the  body  against  infection. 


Fig.  14. — The  alimentary  or  digestive  tract  of  a  fowl.  ( After  William  A.  Lippincott.)1 

The  Alimentary  System. — The  alimentary  or  digestive  system  of  the 
chicken  consists  of  the  organs  directly  concerned  in  the  reception  of  feed, 
its  passage  through  the  body,  and  the  excretion  of  the  unabsorbed  portion. 
The  digestive  system  includes  the  alimentary  canal  and  the  accessory 
organs.  The  alimentary  canal  extends  from  the  mouth  to  the  vent  and 
includes  the  mouth,  pharynx,  esophagus  or  gullet,  crop,  proventriculus 
or  glandular  stomach,  gizzard,  duodenum,  small  intestine,  large  intestine, 

1  Lippincott,  Wm.  A.,  “Poultry  Production.”  By  permission  of  Lea  and  Febiger, 
publishers. 
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caeca,  rectum,  cloaca,  and  vent.  The  accessory  organs  include  the  beak 
tongue,  salivary  glands,  liver,  spleen,  and  pancreas. 

The  mouth  parts  of  chickens  consist  of  the  upper  and  lower  mandibles 
and  the  tongue,  all  of  which  are  used  principally  in  the  apprehension  of 
feed. 

The  alimentary  system  of  birds  differs  materially  from  that  of 
mammals.  The  absence  of  teeth  in  birds  is  compensated  for  by  the 
development  of  a  horny  beak  covering  the  jaws  and  by  the  presence  of  a 
gizzard.  The  pharynx  is  a  muscular  region  at  the  back  of  the  mouth 
and  serves  to  grip  the  food  in  the  process  of  swallowing.  The  gullet  or 
esophagus  is  an  elastic  tube,  lubricated  internally  by  mucous  glands,  and 
it  leads  to  the  crop  and  from  the  crop  again  to  the  glandular  stomach  or 
proventriculus.  The  crop  serves  as  a  storage  pouch,  whereby  birds  are 
enabled  to  eat  a  large  meal  “between  times.” 

The  gizzard  is  a  very  important  organ  serving  to  grind  the  feed  and  in 
some  respects  takes  the  place  of  teeth  in  other  animals.  It  is  oval  in 
shape  and  has  a  huge  development  of  musculature  on  two  opposite  walls 
with  numerous  fibers  radiating  outward  from  a  central  tendinous  disk. 
The  entrance  from  the  glandular  stomach  into  the  gizzard  is  not  far 
from  the  exit  from  the  gizzard  into  the  duodenum  or  duodenal  loop. 
The  internal  lining  of  the  gizzard  is  really  a  secretion,  called  “pseudo- 
cuticula.”  When  feed  is  present  in  the  gizzard  the  two  muscular  walls 
contract  in  a  grinding  motion. 

The  first  section  of  the  intestine  is  called  the  “duodenum,”  into  which 
open  the  two  ducts  of  the  pancreas,  which  lies  between  the  folds  of  the 
duodenum. 

The  liver  communicates  with  the  duodenum  by  means  of  two  or  three 
ducts,  one  of  the  ducts  being  connected  with  the  gall  bladder,  which  stores 
the  bile  secreted  by  the  liver.  The  spleen  lies  in  a  triangle  formed  by  the 
proventriculus,  gizzard,  and  liver  and  is  a  small,  reddish-brown  gland. 

The  intestine  proper  is  comprised  of  the  small  and  the  large  intestine. 
The  small  intestine  lies  in  folds  in  the  body,  the  mode  of  looping  in 
different  birds  being  definite  and  constant  so  that  in  related  birds  there 
are  similar  patterns  of  looping.  At  the  junction  ot  the  small  and  the 
large  intestine,  or  rectum,  there  is  a  valve,  called  “ileocaecal/  which 
prevents  a  return  of  feed  contents.  Arising  from  the  same  place  are  two 
blind  diverticula,  the  caeca,  each  usually  from  4  to  6  in.  in  length,  d  he 
large  intestine,  or  rectum,  is  relatively  short  and  leads  to  the  cloaca,  which 
also  receives  the  ureters  from  the  kidneys  and  the  reproductive  ducts. 

Just  posterior  to  the  cloaca  is  the  vent,  the  terminal  portion  of  the 
alimentary  system. 

The  Urinary  System. — The  kidneys,  of  which  there  are  two,  lie 
embedded  underneath  the  hip  girdle  and  are  composed  of  three  lobes. 


42 


POULTRY  HUSBANDRY 


They  receive  their  blood  mainly  from  the  renal  arteries  and  return  it 
to  the  renal  veins,  which  join  the  great  posterior  vein,  the  inferior  vena 
cava,  leading  back  to  the  heart.  The  kidneys  are  very  dark  colored  and 
serve  to  strain  off  from  the  blood  certain  deleterious  substances  in  the 
form  of  urine.  From  each  kidney  the  urine  is  carried  to  the  cloaca  in  a 
small  tube  called  the  “ureter.”  It  will  be  seen,  therefore,  that  in  birds 
the  urine  is  mixed  with  the  fecal  matter  in  the  cloaca  before  both  are 


Fig.  15.  Fig.  16. 

Fig.  15. — The  reproductive  organs  and  urinary  system  of  the  male  fowl.  T,  testes; 
K,  1,  2,  and  3,  lobes  of  the  kidneys;  V.D.,  vas  deferens;  U,  ureters;  F.£.,  seminal  vesicle 
for  storing  spermatozoa;  CL,  cloaca.  ( After  Thomson.)1 

Fig.  16. — The  reproductive  organs  and  urinary  system  of  the  female  fowl.  OF, 
ovary;  K,  kidneys;  FT.,  funnel  of  the  oviduct;  OVD,  oviduct;  M.OVD,  uterus  of  the 
oviduct;  UR,  ureters;  R.R.OVD,  rudimentary  right  oviduct;  OP. UR,  opening  of  the  right 
ureter;  OP.OVD,  opening  of  the  oviduct;  CL,  cloaca.  ( After  Thomson.)1 


extruded,  whereas  in  mammals  the  urine  and  feces  are  extruded  from  the 
body  separately. 

The  Regulatory  System. — The  regulatory  system  is  comprised  of  a 
group  of  small,  ductless  organs  known  as  endocrine  glands.  They 
include  the  thyroids,  parathyroids,  pituitary,  pineal,  adrenal,  pancreas, 
ovary,  and  testes.  A  thymus  gland  develops  along  the  neck  of  the 
embryo  chick  but  degenerates  the  first  year  after  hatching. 

In  each  chicken  there  is  a  pair  of  thyroids  lying  at  the  base  of  the 
neck,  and  associated  with  them  are  the  parathyroids.  The  pituitary,  or 

Thomson,  J.  Arthur,  “The  Biology  of  Birds. ”  By  permission  of  The  Mac¬ 
millan  Company,  publishers. 
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hypophysis,  is  a  small  gland  which  is  situated  at  the  base  of  the  brain. 
The  pineal  gland  is  a  very  small  body  located  just  behind  the  two  cerebral 
hemispheres.  A  small  adrenal  gland  is  located  at  the  anterior  end  of 
each  kidney.  The  pancreas  has  been  mentioned  previously,  and  the 
ovary  and  testes  are  described  subsequently. 

These  endocrine  glands  produce  secretions  called  “hormones”  which 
are  thrown  into  the  blood  stream  and  are  carried  to  various  parts  of  the 
body.  Some  of  the  hormones  have  been  shown  to  have  a  pronounced 
effect  on  various  organs  and  functions  of  the  body,  affecting  growth 
and  development  in  various  ways. 

The  Reproductive  System  of  the  Male. — The  reproductive  system  of 
the  male  consists  of  the  primary  and  accessory  sexual  organs,  the  former 
being  involved  in  the  production  of  and  the  latter  in  the  elaboration 
of  the  male  reproductive  cells.  The  primary  sexual  organs  are  called 
gonads,  and  they  consist  of  a  pair  of  testes,  or  testicles,  from  each  of 
which  there  is  a  tube  called  “vas  deferens,”  leading  to  the  cloaca,  the  vas 
deferens  being  the  accessory  sexual  organ. 

The  testes  are  situated  at  the  anterior  ends  of  the  kidneys  and  are 
small  yellowish-colored  bodies,  sometimes  pigmented.  The  left  testis  is 
usually  larger  than  the  right  one.  Each  testis  consists  of  a  large  number 
of  slender  tubes,  called  seminiferous  ducts,  from  the  linings  of  which  the 
reproductive  cells  are  given  off,  whence  they  are  conducted  to  the  vas 
deferens.  It  is  while  the  spermatozoa  are  in  the  vas  deferens  that  they 
acquire  the  power  of  motility. 

The  vasa  deferentia  open  into  ducts  which  lie  directly  over  a  groove 
in  a  rudimentary  copulatory  organ. 

The  Reproductive  System  of  the  Female. — The  reproductive  system 
of  the  female  consists  of  primary  and  accessory  sexual  organs,  the  ovary 
and  the  oviduct,  respectively.  The  ovary  is  involved  in  the  production 
of  the  female  reproductive  cells,  called  “ova.”  The  oviduct  serves  to 
carry  the  ova  from  the  ovary  to  the  cloaca.  During  the  passage  of  the 
ova  through  the  oviduct  the  secretion  takes  place  of  the  different  kinds  ol 
albumen  or  white  of  the  egg,  shell  membranes,  and  shell  to  make  the  com¬ 
pleted  egg. 

The  ovary,  or  female  gonad,  is  single  and  is  on  the  left  side  ol  the  body, 
although  during  embryonic  development  a  right  gonad  and  oviduct  also 
develop  but  gradually  degenerate  until  at  hatching  time  only  rudiments 
remain.  Occasionally  birds  are  observed  that  have  two  functional 
ovaries  and  oviducts. 

In  a  typical  female  the  ovary  is  situated  to  the  left  ol  the  median 
line  of  the  body  just  posterior  to  the  lungs  and  at  the  anterior  end  ol  the 
kidney  and  is  attached  to  the  dorsal  wall  of  the  body  cavity.  In  an 
inactive  condition  the  ovary  appears  as  a  small,  whitish  mass  ol  irregular 
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contour,  whereas  in  an  active  condition  it  appears  as  a  yellowish  cluster 
of  cells  of  varying  size. 

The  oviduct  is  a  large  coiled  tube  occupying  a  large  part  of  the  left 
half  of  the  abdominal  cavity  and  is  suspended  from  the  dorsal  body 
wall.  At  the  anterior  end  of  the  oviduct  is  its  mouth  which  is  spread  out 
beneath  the  ovary  to  receive  the  ova  or  yolks  when  they  are  ready  to  leave 
the  ovary.  The  posterior  end  of  the  oviduct  connects  with  the  cloaca, 
from  which  the  completed  egg  is  expelled. 

The  oviduct  consists  of  the  following  five  parts:  funnel  or  infundib¬ 
ulum,  magnum  or  so-called  albumen-secreting  portion,  isthmus,  uterus, 
and  vagina. 

THE  FORMATION,  STRUCTURE,  AND  PHYSICAL  ASPECTS  OF  THE  EGG 

All  life  begins  in  the  egg.  The  development  of  the  embryos  of  cattle, 
sheep,  pigs,  and  other  mammals  takes  place  within  the  body  of  the  female, 
whereas  the  development  of  the  chick  embryo  takes  place,  for  the  most 
part,  outside  the  female  body.  It  is  for  this  reason  that  the  chicken  egg 
is  such  a  large  reproductive  cell  as  compared  with  the  reproductive  cell 
or  egg  of  a  mammal.  In  the  case  of  the  mammalian  embryo  its  nourish¬ 
ment  is  obtained  directly  from  its  mother.  In  the  case  of  the  chick 
embryo  its  nourishment  is  obtained  from  the  different  parts  of  the  egg, 
but  the  egg,  is,  nevertheless,  a  reproductive  cell. 

The  Formation  of  the  Egg. — Each  cell,  or  yolk,  with  its  vitelline  mem¬ 
brane  as  a  covering,  is  an  ovum  and  is  contained  in  a  very  thin  envelope 
called  the  “follicle,”  which  is  attached  to  the  ovary  by  a  very  slender 
stalk.  Embedded  in  the  surface  of  the  yolk  under  the  vitelline  membrane 
is  the  nucleus,  or  germinal  vesicle,  or  germ  spot. 

The  yolk  granules  are  secreted  in  concentric  layers,  beginning  with  a 
layer  of  light  yolk,  which  forms  a  flask-shaped  structure  beneath  the 
germinal  disk,  and  then  a  layer  of  dark  yolk,  and  this  alternation  of  layers 
of  physically  different  kinds  of  yolk  continues  until  the  yolk  is  ready  to  be 
discharged  from  the  ovary.  The  thin  layers  of  light  yolk  are  deposited 
during  the  night,  the  time  of  low  blood  pressure,  whereas  the  thicker 
layers  of  dark  yolk  are  deposited  during  the  day,  the  time  of  high  blood 
pressure.  As  the  yolk  increases  in  size  the  follicle  in  which  it  is  contained 
enlarges,  and,  when  the  yolk  is  ready  to  be  liberated  from  the  ovary,  the 
follicle  bursts  along  a  streak  called  the  “stigma.”  Subsequently,  the  rup¬ 
tured  follicle  degenerates.  The  liberation  of  the  yolk  from  the  ovary  is 
termed  “ovulation.” 

Ovulation  may  or  may  not  be  accompanied  by  the  grasping  of  the  yolk 
by  the  mouth  of  the  oviduct.  If  the  two  processes  do  not  take  place 
simultaneously,  the  yolk  falls  into  the  body  cavity  of  the  hen,  whence  it  is 
subsequently  recovered  by  the  mouth  of  the  oviduct. 
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Immediately  upon  being  grasped  by  the  mouth  of  the  oviduct,  the  yolk 
is  forced  through  the  oviduct  by  ciliary  action  or  by  peristalitic  move¬ 
ments  of  the  walls  of  the  oviduct.  During  its  passage  through  the  ovi¬ 
duct,  the  yolk  is  surrounded  by  albumen,  which  is  secreted  by  glands  in 
the  walls  of  the  oviduct.  The  differentiation  of  the  albumen  or  white 


Fig.  17. — The  more  important  regions  of  the  oviduct  are  as  follows:  mouth;  A  to  B,  the 
magnum;  B  to  C,  the  isthmus;  C  to  E,  the  uterus;  E  to  F,  the  vagina;  G,  the  rudimentary 
right  oviduct;  H,  the  large  intestine.  ( As?nundson  and  Burmester,  1936.) 

of  the  egg  into  four  distinct  layers  occurs,  for  the  most  part,  after  the  yolk 
has  entered  the  uterus,  although  some  differentiation  usually  starts 
in  the  isthmus.  The  shell  is  secreted  in  the  uterus.  The  formation  of  the 
egg  is  completed  by  the  time  it  reaches  the  vagina. 

Table  3. — The  Approximate  Length  of  Different  Sections  of  the  Oviduct, 
the  Approximate  Per  Cent  of  Albumen  Secreted  in  Each  of  Three  Sections, 
and  the  Approximate  Time  Spent  by  the  Yolk  in  Different  Sections 
(Compiled  from  data  of  Warren  and  Scott,  1935,  and  Asmundson  and  Burmester,  1936) 


Section  of  oviduct 

Approximate 

length, 

centimeters 

Per  cent  of 
albumen 
secreted 

Approximate 
time  spent  by 
yolk 

Mouth . 

5.0 

Funnel 

4.0 

18  min. 

Magnum . 

33.0 

40  to  50 

2  hr.  54  min. 

Isthmus . 

10.0 

10 

1  hr.  14  min. 

Uterus . 

12.0 

40  to  50 

1 20  hr.  40  min. 

Vagina.  . 

12.0 

/ 

46 


POULTRY  HUSBANDRY 


The  table  on  page  45  gives  the  approximate  length  of  the  different 
sections  of  the  oviduct,  the  approximate  per  cent  of  albumen  secreted  in 
each  of  the  three  sections  involved  in  albumen  secretion,  and  the  approxi¬ 
mate  time  spent  by  the  yolk  in  each  section. 

It  seems  quite  certain  that  in  the  great  majority  of  cases  eggs  are 
laid  small  end  first  and  that  of  the  relatively  few  that  are  laid  large  end 
first,  some  become  turned  end  for  end  in  the  uterus,  probably  as  the  result 
of  the  small  end  of  the  egg’s  becoming  projected  deeply  into  the  blind 
sac  of  the  uterus  during  the  act  of  laying. 

The  Structure  of  the  Egg. — The  completed  egg  is  of  complex  structure 
and  is  comprised  of  the  following  six  main  parts:  germ  spot,  yolk,  vitelline 
membrane,  white,  shell  membranes,  and  shell. 

The  chick  originates  in  the  germ  spot,  but  all  of  the  yolk  and  white 
of  the  egg  contribute  to  the  nourishment  of  the  embryo  during  incubation 
and  of  the  chick  shortly  after  being  hatched.  The  germ  spot  is  always 
on  the  upper  side  of  the  yolk  in  an  egg  in  resting  position,  because  the 
portion  of  the  yolk  in  which  the  germ  is  located  is  of  lower  specific  gravity 
than  the  rest  of  the  yolk. 

The  yolk  is  composed  of  concentric  layers  of  light-  and  dark-yolk 
granules,  the  layers  of  light  yolk  being  much  thinner  than  the  layers  of 
dark  yolk.  The  difference  between  the  light  and  dark  yolk  is  accounted 
for  by  the  larger  size  of  the  dark  yolk  granules  and  by  the  fact  that  the 
light  yolk  granules  contain  relatively  more  water. 

The  vitelline  membrane,  surrounding  the  yolk,  is  composed  of  three 
layers:  a  noncellular  layer  on  the  inside,  a  layer  of  epithelium  in  the 
middle,  and  a  layer  of  connective  tissue  on  the  outside. 

The  white  is  made  up  of  four  parts:  the  chalazas,  two  layers  of  thin 
white,  and  a  layer  of  thick  white.  The  two  chalazas  are  dense  cordlike 
structures  twisted  in  opposite  directions  and  are  attached  on  opposite 
sides  of  the  yolk  to  a  thick  layer  of  white  surrounding  the  yolk.  The 
chalazas  serve  the  important  function  of  mooring  and  steadying  the  yolk 
approximately  in  the  center  of  the  egg.  Surrounding  the  chalaziferous 
layer  of  thick  white  is  a  layer  of  thin  white.  This  layer  of  thin  white 
is  surrounded  by  a  layer  of  thick  white,  which  in  turn  is  surrounded  by  a 
layer  of  thin  white.  Thick  white  differs  from  thin  white  in  one  impor¬ 
tant  respect  at  least  in  that  it  contains  a  much  higher  proportion  of  a 
protein  possessing  the  properties  of  mucin.  The  thick  white  comprises 
about  50  to  60  per  cent,  the  inner  thin  white  about  20  to  25  per  cent,  and 
the  outer  thin  white  about  20  to  25  per  cent  of  the  total  white. 

There  are  two  shell  membranes  surrounding  the  white,  the  inner  one 
being  considerably  thinner  than  the  outer  one.  The  inner  and  outer 
shell  membranes  adhere  closely  to  each  other  except  at  the  large  end  of 
the  egg,  where  they  are  usually  separated  to  form  the  air  cell,  although  in 
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some  eggs  the  air  cell  is  in  some  other  place.  The  shell  membranes  are 
composed  of  organic  fibers  and  are  porous.  In  a  normal  egg,  shortly 
after  it  is  laid,  the  air  cell  is  approximately  the  size  of  a  dime. 

The  shell  is  composed  of  four  layers  and  a  cuticle,  or  bloom.  The 
innermost  layer  or  membrane  consists  of  minute  calcareous  particles; 
the  second  layer  consists  of  minute  particles  of  calcium  carbonate;  the 
third,  or  mammilla,  layer  consists  of  large  spheres  of  calcite;  the  outer 
layer  is  composed  of  crystals  of  calcium  carbonate  arranged  with  their 
long  axes  perpendicular  to  the  surface.  The  cuticle,  or  bloom,  on  the 
outside  of  the  egg,  is  apparently  structureless.  The  four  layers  of  the 
shell  and  the  bloom  are  porous,  thus  allowing  for  the  passage  of  air  and 
moisture. 


-Shell 


r  Air  cell 


-- B/asto  o/erm 
-  - Shell  cufic/e 


-Outer  shell 
mem  brane 

shell 

membrane 
Cha/orza 


White  yolk 
-  Thin  white 
--Yellow  yolk 
-  -Vitelline  membrane 


- Thick  white 

- jhiH  white 

- Layers  of  white  yo/k 


Fig.  18/ — Showing  the  structure  of  an  egg.  {Modified  from  Schaible,  Davidson,  and  Moore 

1936.) 


The  porosity  of  the  shell  membranes  and  the  shell  allows  the  embryo 
to  respire  by  the  diffusion  of  carbon  dioxide  out  and  oxygen  in. 

The  shell  of  eggs  range  in  average  thickness  from  about  0.30  to 
0.35  mm.  and  a  range  in  breaking  strength  from  approximately  4.40  to 
about  4.80  kg. 

Physical  Aspects  of  Eggs. — Eggs  laid  by  different  hens  often  differ 
greatly  in  their  shape,  size,  and  color. 

From  the  standpoint  of  shape,  most  eggs  are  ovate  with  one  end  larger 
and  more  blunt  than  the  other.  Although  the  eggs  laid  by  a  flock  may 
differ  markedly  in  shape,  the  eggs  laid  by  an  individual  possess  a  char¬ 
acteristic  shape.  The  general  shape  of  the  egg  appears  to  be  determined 
largely  by  the  amount  of  white  secreted  in  the  magnum  section  of  the 
oviduct  and  by  the  caliber  of  the  lumen  of  the  magnum  and  isthmus  and 
the  muscular  activity  of  their  walls.  To  a  large  extent  the  shape  of  the 
egg  is  determined  in  the  isthmus. 
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The  size  of  an  egg  obviously  is  determined  by  the  collective  weights 
of  its  component  parts.  From  observations  on  eggs  laid  by  different 
flocks  it  has  been  observed  that  the  white  contributes  approximately 
59  per  cent,  the  yolk  approximately  30  per  cent,  and  the  shell  approxi¬ 
mately  11  per  cent  of  the  total  egg  weight.  But  thfe  percentage  weights 
of  the  different  parts  of  the  egg  and  the  weight  of  the  egg  itself  varies 
during  the  annual  production  record  of  an  individual.  Also,  eggs  laid  in 
hot  weather  usually  have  relatively  less  white  than  eggs  laid  in  cold 
weather.  The  comparatively  small  size  of  eggs  laid  by  early  maturing 
pullets  is  due,  to  some  extent  at  least,  to  the  relatively  small  yolk.  As 
a  matter  of  fact,  two  factors  of  major  importance  in  determining  the  size 
of  egg  laid  by  birds  of  all  ages  are  the  size  of  the  yolk  that  is  formed  and 
the  size  of  the  oviduct  of  the  bird.  Egg  size  is  also  affected  by  the  posi¬ 
tion  of  the  egg  in  a  clutch,  each  succeeding  egg  in  the  clutch  usually 
showing  a  progressive  decrease  in  weight.  In  many  flocks  it  has  been 
demonstrated  that  there  is  a  tendency  for  the  best  producers  during  the 
first  year  of  laying  to  lay  relatively  smaller  eggs  than  the  poorer  producers, 
the  best  producers  tending  on  the  average  to  be  smaller  in  body  size  than 
the  poorer  producers.  It  has  also  been  shown  that  in  many  flocks  the 
largest  individuals  tend  to  lay,  on  the  average,  larger  sized  eggs  than  the 
smaller  individuals,  apparently  because  the  largest  birds  tend  to  form 
larger  yolks  and  have  larger  oviducts  than  the  smaller  hens. 

The  color  in  the  shell  of  brown-shelled  eggs  seems  to  be  due  to  one  type 
of  pigment,  the  principal  representative  of  which  is  oophorin.  Appar¬ 
ently,  the  pigment  is  secreted  in  the  isthmus  and  uterus  sections  of  the 
oviduct.  Although  each  hen  lays  eggs  the  shells  of  which  are  approxi¬ 
mately  the  same  shade,  the  degree  of  pigmentation  tends  to  decrease  as 
egg  production  increases. 

Abnormal  eggs  are  usually  the  result  of  some  physiological  disturbance 
taking  place  in  the  oviduct.  Dwarf  eggs  are  often  produced  following  the 
ovulation  of  yolks  that  escape  into  the  body  cavity  or  after  the  rupture 
of  the  vitelline  membrane,  ovulation  or  yolk  material  giving  the 
oviduct  the  necessary  stimulus  to  begin  secreting  the  white.  The 
most  common  cause  of  double-yolked  eggs  is  due  to  a  yolk  in  the  oviduct 
becoming  arrested  in  its  progress  down  the  oviduct  until  another  yolk 
catches  up  with  it,  both  yolks  finally  being  enclosed  in  the  same  shell 
membranes  and  shell.  Triple-yolked  eggs  and  “eggs  within  eggs” 
usually  result  from  much  the  same  circumstances  that  result  in  the  pro¬ 
duction  of  double-yolked  eggs.  Eggs  containing  blood,  blood  spots,  or 
meat  spots  are  usually  the  result  of  the  rupture  of  blood  vessels  or  the 
tearing  away  of  some  of  the  tissue  of  the  lining  of  the  oviduct.  Soft- 
shelled  eggs  may  be  those  that  are  laid  prematurely,  or  they  may 
be  due  to  some  physiological  disturbance  in  the  functioning  of  the 
oviduct. 
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PHYSIOLOGICAL  ASPECTS  OF  SEXUAL  DIFFERENTIATION 

The  fundamental  differences  between  the  sexes  are  the  result  of  the 
adaptation  of  the  male  for  the  production  of  male  reproductive  cells  and 
of  the  female  for  the  production  of  female  reproductive  cells  or  eggs.  The 
male  reproductive  system  is  structurally  different  from  that  of  the  female. 
But  the  sexes  differ  not  only  in  the  structure  of  their  reproductive  organs 
but  also  in  many  other  respects.  Thus  there  are  primary  sex  differences 
involving  the  sex  organs,  which  have  been  discussed  previously,  and 
secondary  sex  differences  involving  other  organs  as  well  as  various  charac¬ 
ters  and  functions  peculiar  to  each  sex.  Many  of  these  secondary  sex 
differences  are  due  to  secretions,  called  hormones,  produced  by  the  gonads 
and  other  endocrine  glands.  Hormones  are  of  the  greatest  importance 
in  many  physiological  processes  that  take  place  in  the  chicken. 

Sex  Differences  in  Comb,  Wattles,  and  Spurs. — The  male  usually  has 
a  larger  comb  and  wattles  than  the  female  and  possesses  spurs,  which  are 
usually  lacking  in  the  female. 

It  has  been  shown  that  when  either  combs  or  wattles  were  transplanted 
from  one  individual  to  another  of  the  opposite  sex,  the  operation  having- 
been  performed  on  chicks  3  days  old,  the  growth  of  the  comb  and  wattles 
was  greater  when  male  than  when  female  chicks  were  the  recipients.  The 
host  rather  than  the  donor  was  the  determining  factor  as  to  the  ultimate 
size  attained  by  the  comb  and  wattles. 

During  the  growth  of  the  cockerel,  his  gonads,  or  testes,  increase  in 
size  as  does  his  comb,  a  quantitative  relationship  existing  between  their 
development.  The  size  of  comb  attained  by  a  male  is  determined  to  a 
considerable  extent  by  the  degree  of  cell  activity  of  the  gonad,  although 
sunlight  also  affects  the  ultimate  size  attained,  birds  kept  out  of  sunlight 
having  larger  combs  than  otherwise. 

When  the  right  and  left  testes  of  a  male  are  removed  by  operation,  to 
produce  a  capon,  the  comb  and  wattles  are  considerably  reduced  in  size. 
If  only  one  testis  is  removed  by  operation,  the  other  testis  frequently 
increases  in  size  until  it  is  as  large  as  both  testes  in  a  normal  male  of  the 
same  age,  and  the  comb  develops  normally. 

When  the  right  and  left  testes  are  removed  from  a  cockerel,  and  tissue 
from  the  ovary  of  a  female  is  grafted  on  the  site  of  one  of  the  removed 
testis,  the  cockerel  has  the  female  type  of  comb.  When  the  ovary  is 
removed  from  a  very  young  female,  a  compensatory  right  gonad  develops 
having  the  appearance  of  a  testis,  and  the  comb  and  wattles  of  the  female 
develop  as  large  as  in  normal  males.  When  the  compensatory  gonad  is 
destroyed  by  cauterization,  the  comb  and  wattles  remain  small,  and  spurs 
develop. 

The  testis  produces  a  hormone  which  is  responsible  for  the  ultimate 
size  attained  by  the  comb,  wattles,  and  spurs. 
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Sex  Differences  in  Blood  Cells. — The  adult  male  has  approximately 
one  million  more  red  blood  cells,  or  erythrocytes,  per  cubic  millimeter  of 
blood  than  the  adult  female,  the  total  number  recorded  being  approxi¬ 
mately  3,800,000  for  the  male  and  2,800,000  for  the  female.  The  male 
hemoglobin  values  also  exceed  those  of  the  female. 

Sex  Differences  in  Growth  Rate  and  Body  Size. — In  practically  all 
breeds  of  chickens  the  male  grows  faster  and  attains  a  larger  size  than  the 
female,  in  some  breeds  the  difference  in  adult  weight  being  quite  pro¬ 
nounced.  In  many  breeds  the  males  have  significantly  longer  wing  and 
leg  bones  than  the  females.  Hormones  produced  by  the  ovary  may 
perhaps  have  some  effect  on  body  size,  although  the  sex  difference  in  body 
size  seems  to  be  due  to  other  factors,  which  are  discussed  later.  A  hor¬ 
mone  produced  by  the  testis  affects  body  size,  for  when  a  young  cockerel 
is  castrated  by  removing  his  testes  he  continues  to  grow  for  a  longer 
period  than  an  uncastrated  cockerel,  thus  attaining  a  larger  size.  More¬ 
over,  the  capon’s  flesh  remains  tender  because  less  connective  tissue 
develops  but  more  fat  is  deposited  than  in  an  uncastrated  mature  male. 

Sex  Differences  in  Feather  Structure. — In  most  breeds  the  male 
differs  from  the  female  by  having  longer  and  more  pointed  lower  neck, 
saddle,  and  sickle  and  tail  feathers,  the  development  of  most  of  these 
secondary  sexual  characters  being  controlled  by  the  testes.  The  ovary 
secretes  a  hormone  which  prohibits  the  development  of  the  pointed 
nature  of  these  secondary  sexual  feathers  of  the  males.  Males  from  which 
both  testes  have  been  removed,  making  the  bird  a  capon,  have  longer 
secondary  sexual  feathers  than  uncastrated  males.  The  removal  of  one 
testis  or  both  testes  and  the  implantation  of  ovarian  tissue  on  the  site  of 
the  removed  testis  result  in  the  resumption  of  female  type  of  plumage,  the 
change  occurring  when  the  male  molts  after  being  operated  upon. 

The  existence  of  normal  hen-feathered  males,  such  as  Campines, 
demonstrates  that  female-type  plumage  is  not  always  dependent  upon 
the  presence  of  the  ovary  or  female  gonad.  The  castration  of  a  normal 
hen-feathered  male  results  in  his  becoming  completely  cock  feathered. 
Gonad  grafts  from  hen-feathered  males  implanted  in  castrated  cock- 
feathered  males  results  in  cock  feathering,  whereas  gonad  grafts  from 
cock-feathered  males  implanted  in  castrated  hen-feathered  males  results 
in  hen  feathering. 

The  removal  of  the  ovary  (left  gonad)  results  in  the  female  assuming 
cock  feathering,  although  these  cock-feathered  females  later  assume  hen 
feathering  owing  to  the  influence  of  the  compensatory  right  gonad  which 
develops  after  the  ovary  is  removed.  The  destruction  of  the  compensa¬ 
tory  gonad  results  in  the  female  assuming  capon  feathering.  Testicular 
tissue  added  to  ovarian  tissue  in  females  does  not  produce  any  change  in 
the  female  type  of  plumage. 


THE  BIOLOGY  OF  THE  CHICKEN 


51 


A  hormone  secreted  by  the  thyroid  glands  influences  the  development 
of  hen  feathering.  The  theory  has  been  advanced  that  the  ovary  stimu¬ 
lates  the  thyroid  to  a  higher  level  of  activity  than  the  testis,  the  hormone 
secreted  by  the  thyroid  suppressing  the  development  of  the  secondary 
sexual  feathers  as  found  in  the  normal  male. 

Hermaphrodites  and  Gynandromorphs. — A  hermaphrodite  is  an 
animal  possessing  male  and  female  gonads  which  function  in  the  produc¬ 
tion  of  male  and  female  reproductive  cells.  In  the  chicken  the  nearest 
approach  to  such  a  condition  has  been  chickens  possessing  both  a  male 
and  female  gonad,  but  there  are  no  reports  of  both  gonads  functioning. 

A  gynandromorph  chicken  is  one  in  which  one  part  of  the  body  is  male 
and  the  other  part  female. 

Is  Sex  Reversal  Possible? — Although  several  cases  of  sex  reversal  in 
nature  have  been  reported,  there  appears  to  be  no  single  case  concerning 
which  it  can  be  stated  unequivocally  that  the  sex  was  reversed,  including 
the  functional  activity  of  the  male  and  female  gonads.  Nevertheless, 
experimental  evidence  has  been  secured  which  indicates  that  under  certain 
conditions  a  normal  female  may  be  transformed  into  an  anatomical  male 
and  a  normal  male  transformed  into  an  anatomical  female.  Female 
chicks  from  which  the  ovary  was  removed  as  early  as  the  seventh  and 
eighth  day  after  hatching  developed  a  right  gonad  containing  male  repro¬ 
ductive  cells.  The  injection  of  a  female  hormone  called  “theelin”  into 
eggs  after  24  hr.  of  incubation  has  demonstrated  the  possibility  of  revers¬ 
ing  the  sex  of  male  embryos  so  that  they  become  anatomical  females,  but 
no  anatomical  females  that  were  genetically  males  have  as  yet  been  known 
to  reproduce.  Apparently  the  feasibility  of  reversing  the  sexes  in  the 
chicken  depends  upon  a  certain  balance  of  interaction  between  male  and 
female  sex  hormones  and  upon  the  balance  of  interaction  between  sex 
hormones  and  genes,  the  nature  and  effects  of  which  are  discussed  after 
the  next  paragraph. 

The  Sex  Ratio. — By  the  term  “sex  ratio”  is  meant  the  percentage  of 
males  of  the  total  number  of  chicks  in  a  given  population.  The  normal 
sex  ratio  is  approximately  49.0,  although  the  percentage  of  males  in  small 
groups  of  chicks  may  vary  somewhat.  The  various  physical  characters  of 
eggs  apparently  have  no  bearing  on  the  sex  ratio,  nor  have  prenatal  nor 
postnatal  mortality  or  such  factors  as  inbreeding,  crossbreeding,  and  the 
previous  egg  production  of  the  dam.  Also,  the  tendency  on  the  part  of 
certain  females  to  produce  a  preponderance  of  either  sex  apparently  is 
not  inherited. 

THE  GENETIC  BASIS  OF  REPRODUCTION 

With  respect  to  the  numerous  characters  that  the  chicken  possesses, 
it  has  been  demonstrated  that  many  of  them  are  transmitted  from  parent 
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to  offspring  by  means  of  a  definite  mechanism  involving  certain  con¬ 
stituents  of  the  reproductive  cells  of  the  male  and  the  female.  It  has 
been  pointed  out  previously  that  the  reproductive  cells  are  produced  by 
the  gonads,  the  testes  of  the  male  and  the  ovary  of  the  female.  The  male 
reproductive  cells  are  called  “spermatozoa”  (singular,  spermatozoon). 
The  female  reproductive  cells  are  called  “eggs,”  or  “ova”  (singular, 
ovum) . 

The  Significance  of  Mating. — The  act  of  copulation  between  male  and 
female  brings  about  the  union  of  a  spermatozoon  and  an  ovum.  At 
the  time  of  copulation  the  male  ejects  sperm  containing  spermatozoa  into 
the  cloaca  of  the  female,  the  spermatozoa  traverse  the  oviduct,  and  one 
spermatozoon  fertilizes  the  germ  spot  in  the  ovum  almost  as  soon  as  the 
ovum,  or  yolk,  has  been  grasped  by  the  mouth  of  the  oviduct.  The  union 
of  the  spermatozoon  and  ovum  is  necessary  in  order  that  offspring  may 
be  produced,  but  the  really  significant  thing  that  mating  accomplishes 
is  to  produce  new  combinations  of  hereditary  characters,  a  subject  dis¬ 
cussed  more  fully  later. 

Chromosomes  the  Vehicles  for  the  Transmission  of  Characters. — 

From  the  standpoint  of  the  inheritance  of  characters,  the  reproductive 
cells  are  spoken  of  as  gametes,  the  term  “gamete”  meaning  a  spouse. 
The  spermatozoon  is  the  male  gamete,  and  the  ovum  is  the  female  gamete. 
The  fertilization  of  the  female  gamete  by  the  male  gamete  produces  the 
fertilized  egg,  which  is  termed  a  “zygote,”  meaning  yoked  together. 
Thus,  a  male  and  female  gamete  unite  to  produce  a  zygote,  which  develops 
into  the  chick. 

Each  gamete  contains  little  threadlike  bodies  called  “chromosomes,” 
which  are  transmitted  from  parent  to  offspring. 

The  male  zygote  has  one  more  sex  chromosome  than  the  female  zygote. 
The  sex  chromosomes  in  any  species  are  apparently  always  associated 
with  sex  and  may  be  a  factor  in  its  determination,  hence  their  name.  The 
rest  of  the  chromosomes  are  called  “autosomes,”  and  they  are  always  in 
pairs  in  the  zygote.  The  male  chicken,  therefore,  has  a  certain  number  of 
pairs  of  autosomes  and  two  sex  chromosomes,  whereas  the  female  has 
the  same  number  of  pairs  of  autosomes  and  one  sex  chromosome. 

Since  the  male  has  a  certain  number  of  pairs  of  autosomes  and  two  sex 
chromosomes,  it  is  obvious  that  the  zygote  from  which  he  developed  was 
produced  by  the  union  of  two  gametes  each  of  which  contained  half  the 
number  of  autosomes  and  one  sex  chromosome.  Since  the  female  has  a 
certain  number  of  pairs  of  autosomes  and  one  sex  chromosome,  it  is  obvi¬ 
ous  that  the  zygote  from  which  she  developed  was  produced  by  the  union 
of  a  gamete  containing  half  the  number  of  autosomes  and  one  sex  chromo¬ 
some  and  a  gamete  containing  half  the  number  of  autosomes  but  no  sex 
chromosome, 


THE  BIOLOGY  OF  THE  CHICKEN 


53 


Up  to  the  present  only  one  phase  of  the  reproductive  cycle  has  been 
discussed,  the  union  of  a  gamete  of  paternal  origin  with  a  gamete  of 
maternal  origin.  The  other  phase  of  the  reproductive  cycle  consists  in 
the  development  of  the  gametes  from  the  zygotes.  For  the  sake  of 
simplicity,  the  behavior  of  the  sex  chromosomes  in  the  processes  involved 
is  omitted  from  this  brief  discussion.  Each  zygote  gives  rise  to  numerous 
germ  cells.  The  chromosomes  in  each  germ  cell  unite  in  pairs,  a  particu¬ 
lar  chromosome  of  paternal  origin  pairing  with  a  similar  chromosome  of 
maternal  origin.  The  chromosomes  then  split  lengthwise  twice.  After 
the  second  splitting  is  completed,  the  germ  cell  divides,  half  of  the 
chromosomes  going  into  one  cell  and  half  into  the  other;  each  cell  con¬ 
tains,  therefore,  half  as  many  chromosomes  as  the  germ  cell.  These 
cells,  each  containing  the  half  number  of  chromosomes,  are  called  gametes. 

The  female  is  spoken  of  as  being  heterogametic,  since  the  female  zygote 
produces  unlike  gametes  with  respect  to  the  sex  chromosome. 

A  very  important  point  always  to  be  kept  clearly  in  mind  is  that  when 
the  gamete  of  female  origin  containing  the  sex  chromosome  unites  with  a 
gamete  of  male  origin,  the  zygote  produced  is  a  male,  whereas  when  the 
gamete  of  female  origin  that  does  not  contain  the  sex  chromosome  unites 
with  a  gamete  of  male  origin,  the  zygote  produced  is  a  female.  Another 
fundamental  point  always  to  be  kept  clearly  in  mind  is  that  either  of  the 
unlike  gametes  of  female  origin  may  mate  with  either  of  the  like  male 
gametes. 

The  chromosomes  are  the  bearers  of  the  determiners  of  hereditary 
characters,  but  since  there  are  hundreds  of  characters  and  only  a  certain 
number  of  pairs  of  autosomes  and  one  or  two  sex  chromosomes,  according 
to  the  sex,  it  is  obvious  that  each  chromosome  must  contain  many  deter¬ 
miners.  The  chicken  has  at  least  17  but  more  probably  about  40  pairs 
of  autosomes.  The  determiners  of  hereditary  characters  are  called  genes, 
each  chromosome  containing  many  of  these  small  units.  It  is  the  genes 
that  give  rise  to  such  characters  as  single  comb,  white  skin,  black  plumage, 
broodiness,  hatchability,  and  egg  production. 

Sex-linked  Inheritance.— Many  characters  that  fowls  possess  are 
inherited  equally  from  sire  and  dam.  The  genes  giving  rise  to  such 
characters  are  borne  on  the  numerous  pairs  of  autosomes  common  to 
both  sexes,  half  of  the  autosomes  being  of  paternal  origin  and  half  of 
maternal  origin  in  the  case  of  each  individual  chicken. 

There  are  certain  characters,  however,  that  are  transmitted  from  the 
dam  to  her  sons  but  not  to  her  daughters,  although  these  same  characters 
are  transmitted  from  the  sire  to  his  sons  and  daughters  alike.  Characters 
that  are  transmitted  from  dam  to  son  only  are  called  sex-linked  characters 
because  the  genes  that  determine  such  characters  are  borne  on  the  sex 
chromosomes. 
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The  results  secured  from  a  mating  of  a  Rhode  Island  Red  male  and  a 
Barred  Plymouth  Rock  female  serve  to  illustrate  the  manner  in  which 
sex-linked  characters  are  inherited.  The  male  offspring  of  such  a  mating 
are  barred,  and  the  female  offspring  are  black,  although  some  of  the 
pullets  may  have  red  in  the  neck  and  breast  feathers,  but  black  is  the 
predominant  plumage  color.  The  fact  that  the  male  offspring  only  of 
this  mating  are  barred  demonstrates  that  the  gene  that  determines  the 
barring  pattern  in  the  plumage  is  borne  on  the  sex  chromosome.  The 
Barred  Plymouth  Rock  female’s  gametes  containing  the  sex  chromosome, 
upon  uniting  with  the  Rhode  Island  Red  male’s  gametes,  each  of  which 
also  contains  the  sex  chromosome,  produce  male  zygotes  inasmuch  as 
they  each  contain  two  sex  chromosomes.  On  the  other  hand,  the  Barred 


Rhode  Island  Red  Barred  Plymouth  Rock 

Male  x  Female 


mosomes,  designated  Z,  associated  with  each  of  which  is  the  gene  b  for  nonbarring.  The 
Barred  Plymouth  Rock  female  has  at  least  17  pairs  of  autosomes  but  only  one  sex  chromo¬ 
some  Z,  associated  with  which  is  the  sex-linked  gene  B  for  barring,  which  is  dominant  to 
nonbarring.  The  male  progeny  are  barred  whereas  the  female  progeny  are  nonbarred. 

Plymouth  Rock  female’s  gametes  lacking  the  sex  chromosome,  upon  unit¬ 
ing  with  the  Rhode  Island  Red  male’s  gametes,  each  of  which  contains 
the  sex  chromosome,  produce  female  zygotes,  inasmuch  as  they  each 
contain  only  one  sex  chromosome. 

Barring  is  sex-linked  and  is  transmitted  from  the  barred  female  parent 
to  her  male  offspring  only.  The  gene  for  barring  is  dominant  to  the 
gene  for  nonbarring,  as  in  the  Rhode  Island  Red  male.  The  term  “domi¬ 
nant”  simply  means  that  the  effects  produced  by  one  gene  suppress  the 
effects  of  another  gene.  Barring  is  said  to  be  dominant  to  nonbarring,  for 
although  the  Rhode  Island  Red  is  predominantly  red  in  plumage  color 
its  plumage  is  nonbarred.  In  illustrating  the  results  secured  from  mat¬ 
ings  the  capital  letter  is  always  used  to  denote  the  dominant  character,  so 
that  B  is  used  to  denote  barring,  and  b  nonbarring,  the  latter  being  the 
recessive  character. 
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In  the  case  of  the  chicken  the  inheritance  of  sex  is  commonly  referred 
to  as  the  WZ  type,  the  symbol  W  denoting  the  absence  of  a  sex  chromo¬ 
some  in  one  gamete  and  Z  the  presence  of  a  sex  chromosome  in  the  other 
gamete  of  the  two  that  unite  to  produce  a  female.  In  diagrams  illustrat¬ 
ing  the  inheritance  of  sex-linked  characters,  however,  the  customary  way 
of  indicating  the  absence  of  a  sex  chromosome  is  by  the  use  of  a  dash,  so 
that  the  female  zygote  is  expressed  as  Z  — ,  as  far  as  the  sex  chromosomes5 
are  concerned.  The  male  zygote  is  expressed  as  ZZ,  as  far  as  the  sex 
chromosomes  are  concerned. 

Since  the  gene  for  barring  is  borne  on  the  sex  chromosome,  the  gene  B 
is  illustrated  in  company  with  Z,  the  sex  chromosome,  in  diagrams  illus¬ 
trating  sex-linked  inheritance.  Since  the  Rhode  Island  Red  is  nonbarred, 


Barred  Plymouth  Rock  Rhode  Island  Red 
Male  Female 


Fig.  20. — The  Barred  Plymouth  Rock  male  has  at  least  17  pairs  of  autosomes  and  2  sex 
chromosomes,  designated  Z,  associated  with  each  of  which  is  the  sex-linked  gene  B  for 
barring.  The  Rhode  Island  Red  female  has  at  least  17  pairs  of  autosomes  but  only  one  sex 
chromosome  Z,  associated  with  which  is  the  gene  b  for  nonbarring.  The  male  and  the 
female  progeny  are  barred. 

the  male  zygote  is  designated  as  ZbZb  in  so  far  as  the  sex  chromosomes 
and  the  nonbarring  genes  are  concerned.  In  order  to  simplify  the  dis¬ 
cussion  on  sex-linked  inheritance,  no  further  reference  is  made  to  the 
autosomes,  since  they  do  not  affect  the  situation.  The  male  zygote 
produces  one  kind  of  gametes  only,  Zb.  The  zygote  of  Barred  Plymouth 
Rock  female  is  designated  ZB  — .  This  female  zygote  produces  two  kinds 
of  gametes,  ZB  and  — . 

The  gametes  Zb  from  the  male  upon  uniting  with  the  gametes  —  from 
the  female  produce  Zb—  zygotes,  which  develop  into  nonbarred  (black) 
females  because  the  gene  for  barring  is  lacking  and  there  is  only  one  sex 
chromosome  present.  The  gametes  Zb  from  the  male  upon  uniting  with 
the  gametes  ZB  from  the  female  produce  ZbZB  zygotes,  which  develop 
into  barred  males  because  the  gene  for  barring  is  present  and  two  sex 
chromosomes  are  also  present.  The  gene  for  barring  is  sex-linked,  since 
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it  is  transmitted  from  the  barred  dam  to  her  male  offspring  only.  A  true 
test  of  the  sex  linkage  of  the  gene  for  barring  is  to  mate  a  Rhode  Island 
Red  male  to  some  of  the  nonbarred  (black)  females  obtained  from  the 
original  cross  (Rhode  Island  Red  male  X  Barred  Plymouth  Rock  female)  ; 


Fig.  21. — The  barring  of  the  Barred  Plymouth  Rock  is  sex-linked.  Since  the  female  is 
heterozygous  for  sex  and  has  one  sex  chromosome  only,  it  is  transmitted  to  her  sons  but 
not  to  her  daughters  so  that  her  adult  sons  are  barred  but  her  adult  daughters  are  black. 
This  illustration  shows  the  Rhode  Island  Red  sire  (A),  the  Barred  Plymouth  Rock  dam 
(5),  the  barred  son  (C),  and  the  black  daughter  (Z>).  ( U .  S.  Dept.  Agr.) 


the  offspring,  both  male  and  female,  of  this  backcross  mating  are  non¬ 
barred,  showing  that  the  nonbarred  (black)  females  did  not  carry  the 
gene  for  barring. 

When  a  Barred  Plymouth  Rock  male  is  mated  with  a  Rhode  Island 
Red  female,  all  of  the  offspring,  both  male  and  female,  are  barred.  The 
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zyg°te  of  the  Barred  Plymouth  Rock  male  ZBZB  produces  one  kind  of 
gametes  only,  ZB.  The  zygote  of  the  Rhode  Island  Red  female  Zb- 
produces  two  kinds  of  gametes,  Zb  and  — . 


Fig.  22.— The  barring  of  the  Barred  Plymouth  Rock  is  dominant  to  nonbarring.  When 
a  Barred  Plymouth  Rock  male  is  crossed  with  a  Rhode  Island  Red  female,  the  male  and 
female  adult  progeny  are  barred  because  the  sire  has  a  gene  for  barring  on  each  of  his  two 
sex  chromosomes,  one  of  which  is  transmitted  to  each  of  his  sons  and  the  other  to  each  of 
his  daughters:  A,  Barred  Plymouth  Rock  sire;  B,  Rhode  Island  Red  dam;  C,  adult  son;  D, 
adult  daughter.  ( U .  S.  Dept.  Agr.) 


The  gametes  ZB  from  the  male  upon  uniting  with  the  gametes  —  from 
the  female  produce  ZB  —  zygotes,  which  develop  into  barred  females 
because  the  gene  for  barring  is  present  and  there  is  only  one  sex  chromo¬ 
some  present.  The  gametes  ZB  from  the  male  upon  uniting  with  the 
gametes  Zb  from  the  female  produce  ZBZb  zygotes,  which  develop  into 
barred  males  because  the  gene  for  barring  is  present  and  two  sex  chromo- 
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somes  are  also  present.  The  Barred  Plymouth  Rock  male  transmits 
the  gene  for  barring  to  his  daughters  as  well  as  his  sons. 

Distinguishing  Sex  at  Hatching  Time. — An  interesting  feature  about 
the  inheritance  of  some  of  the  sex-linked  characters  is  that  the  sexes  of  the 
chicks  can  be  distinguished  at  hatching  time. 

The  males  of  several  different  breeds  and  varieties  may  be  mated  with 
Barred  Plymouth  Rock  females  for  the  purpose  of  producing  chicks 
which,  at  hatching  time,  can  be  separated  according  to  sex  by  the  down 
pattern.  The  adult  plumage  of  the  sexes  also  differs  markedly. 


Fig.  23. — The  chicks  of  a  Rhode  Island  Red  X  White  Plymouth  Rock  cross  can  be  sep¬ 
arated  according  to  sex  at  hatching  time  by  the  difference  in  down  color;  A,  The  down  color 
in  a  female  chick  secured  from  the  sex-linked  cross  of  Rhode  Island  Red  male  and  White 
Plymouth  Rock  female.  As  an  adult  this  female  will  be  buff  to  red  in  color,  perhaps  with 
some  striping.  B,  The  down  color  in  a  male  chick  secured  from  the  sex-linked  cross  of 
Rhode  Island  Red  male  and  White  Plymouth  Rock  female.  As  an  adult  this  male  will 
have  the  Columbian  pattern  as  in  the  Light  Brahma  and  Light  Sussex.  ( U .  S.  Dept.  Agr.) 


Another  kind  of  sex-linked  cross  that  enables  the  sex  of  chicks  to  be 
distinguished  at  hatching  time  is  the  “gold ”  and  “silver  ”  cross.  The  two 
terms  refer  to  two  well-known  ground  colors  of  the  down  of  the  chicks  of 
several  different  breeds  and  varieties.  To  the  gold  class  belong  those 
breeds  and  varieties  in  which  the  ground  color  of  the  down  is  some  shade 
of  buff  or  golden  brown,  such  as  Buff  Plymouth  Rock  and  Rhode  Island 
Red.  Also  belonging  to  this  class  are  those  breeds  or  varieties  in  which 
the  adult  male  is  black  red  in  plumage  color,  such  as  Brown  Leghorn  and 
Golclen-Laced  Wyandotte.  To  the  silver  class  belong  those  breeds  and 
varieties  in  which  the  ground  color  of  the  down  is  creamy  silver,  such  as 
Light  Brahma  and  Columbian  Plymouth  Rock.  The  gene  for  silver  is 
sex-linked,  so  that  in  the  gold  male  X  silver  female  cross  the  female  must 
belong  to  the  silver  class, 


THE  BIOLOGY  OF  THE  CHICKEN 


59 


Table  4. — Sex-linked  Crosses  for  the  Production  of  Chicks  That  Can  Be 
Distinguished  According  to  Sex  at  Hatching  Time 
(Adapted  from  Warren,  1930) 


Nonbnrred  males 

Barred  females 

Color  of  chick 

Color  of  adult  progeng 

1.  Black  varieties . 

Barred  Plymouth  Rock 

Females  all  black  on  top 
of  body.  Beak, 
shanks,  and  toes  very 
dark 

Males  black  on  top  of 
body  except  white  spot 
on  head.  Beak, 
shanks,  and  toes  yellow 

Females  black.  Beak, 
shanks,  and  toes  very 
dark 

Males  barred.  Beak, 

shanks  and  toes  yellow 

2.  Rhode  Island  Red, 
Buff  Plymouth  Rock, 
Brown  Leghorn,  and 
all  other  black-red 
color  varieties 

Barred  Plymouth  Rock 

Same  as  chicks  in  No.  1 

Same  as  in  No.  1,  except 
females  may  show  red 
or  gold  on  neck  or 
breast 

3.  Most  white  varieties 
except  White  Leghorn 
and  White  Plymouth 
Rock 

Barred  Plymouth  Rock 

Same  as  chicks  in  No.  1 

Same  as  in  No.  1 

Gold  males 

Silver  females 

Color  of  chick 

Color  of  adult  progeny 

4.  Rhode  Island  Red.  .  .  . 

White  Wyandotte.  All 
Columbian  pattern 
varieties.  All  Silver- 
Laced  and  Silver-Pen¬ 
ciled  varieties 

Females  buff  or  red,  may 
show  narrow  striping 
Males  cream  or  white, 
may  show  narrow  strip¬ 
ing 

Females  buff  or  red,  may 
show  some  stippling  or 
striping 

Males  Columbian  plum¬ 
age  pattern 

5.  Buff  varieties . 

Same  as  in  No.  4 

Same  as  in  No.  4  except 
females  are  usually 
lighter  in  color 

Same  as  in  No.  4,  except 
females  usually  buff 

6.  Brown  Leghorn  and 
other  black-red  color 
varieties 

All  Columbian  pattern 
varieties 

Same  as  in  No.  4 

Same  as  in  No.  4 

Rapid-feathering  males 

Slow-feathering  females 

Chick  wing  feathering 

Adult  wing  feathering 

7.  Leghorn  and  other 
Mediterranean  breeds 

American,  Asiatic,  and 
English  breeds 

Females  well-developed 
wing  feather 

Males  none  or  very  short 
wing  feathers 

No  differences  between 
sexes  in  adult  wing 
feathering 
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Still  another  kind  of  cross  can  be  made  that  permits  the  separation, 
at  hatching  time,  of  the  chicks  according  to  sex.  It  is  well  known  that 
purebred  Leghorn  chicks  acquire  their  first  feathers,  especially  wing  and 
tail  feathers,  sooner  than  purebred  chicks  of  such  breeds  as  Brahma, 
Plymouth  Rocks,  Rhode  Island  Reds,  and  Orpingtons.  The  relatively 
slower  feathering  characteristic  of  the  Asiatic,  American,  and  English 
breeds  is  sex-linked,  so  that  if  the  females  of  these  breeds  are  mated  with 
Leghorn  males  the  chicks  can  be  assorted  as  to  sex  at  hatching  time  by  the 
rate  of  the  growth  of  the  wing  feathers.  The  male  chicks  show  no  wing- 
feather  development,  whereas  the  female  chicks  show  wing-feather 
development. 


Fig.  24.— Slow  feathering  is  dominant  to  rapid  feathering  and  is  sex-linked,  so  that 
when  a  White  Leghorn  male  is  mated  to  a  Jersey  Black  Giant  female  the  sons  are  slow- 
feathering,  as  shown  in  A,  and  the  daughters  are  rapid-feathering,  as  shown  in  B.  ( U .  S. 
Dept.  Agr.) 

During  recent  years  certain  breeders  have  developed  purebred  strains 
of  Rhode  Island  Reds  and  White  Leghorns  which  carry  the  sex-linked  slow 
rate  of  feathering,  thus  making  it  possible  to  separate  the  sexes  at  hatch¬ 
ing  time.  The  same  thing  should  be  possible  with  any  breed  or  variety. 

Sexual  dimorphism  in  down  color  of  Rhode  Island  Red  chicks  has  been 
demonstrated.  In  the  chicks  of  some  flocks  it  was  found  that  approxi¬ 
mately  85  per  cent  of  the  females  had  some  black  down,  which  varied  in 
extent  from  a  slight  ticking  of  black  in  the  down  at  the  base  of  the  head  to 
black  striping  on  the  top  of  the  head  and  along  the  back.  It  was  also 
found  that  approximately  80  per  cent  of  the  males  were  entirely  free  of 
black  down. 
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CHAPTER  III 


BREEDING  PRINCIPLES 

The  knowledge  gained  during  recent  years  concerning  the  mechanism 
by  which  various  characters  that  birds  possess  are  inherited  from  genera¬ 
tion  to  generation  has  resulted  in  a  shift  in  the  emphasis  placed  on  selec¬ 
tion  and  breeding  methods.  In  the  early  days  of  poultry  breeding  in  the 
United  States  practically  all  of  the  emphasis  in  the  selection  of  breeding 
stock  was  placed  upon  the  external  appearance  of  the  birds.  Birds 
possessing  fine  form  and  excelling  in  color  markings  or  plumage  pattern 
were  selected  to  perpetuate  their  kind. 

Later  came  the  urge  to  select  breeding  stock  for  increased  egg  produc¬ 
tion  because  of  the  increasing  importance  of  that  branch  of  the  poultry 
industry.  The  practice  of  selecting  breeding  stock  on  the  basis  of  body 
shape  became  quite  prevalent  because  of  the  mistaken  notion  that  egg- 
laying  ability  was  related  to  the  body  shape  of  the  female.  When  this 
notion  was  demonstrated  to  be  untenable,  the  theory  was  advanced  by 
some  that  the  number  of  eggs  a  bird  laid  in  one  year  was  an  infallible 
criterion  of  her  ability  to  transmit  to  her  daughters  their  ability  to  lay 
approximately  the  same  number  of  eggs.  Recent  years,  however,  have 
shown  this  theory  to  be  of  very  limited  value,  so  that  poultry  breeders 
have  become  intensely  interested  in  the  development  of  a  sounder  basis 
for  the  selection  of  their  breeding  stock. 

The  breeding  worth  of  a  male  and  a  female  is  demonstrated  very 
largely  by  the  kind  of  progeny  they  produce.  This  is  true  regardless  of 
the  character  involved.  A  male  and  a  female  each  with  a  fine  shape  of 
comb  may  produce  progeny  having  a  poor  shape  of  comb.  A  male  whose 
dam  had  a  high  record  of  egg  production  mated  to  a  female  with  a  high 
egg  record  frequently  produces  daughters  that  lay  poorly.  The  results 
secured  from  a  given  mating  are  determined  by  the  genetic  constitution 
of  the  birds  mated  rather  than  by  their  physical  appearance.  What  a 
chicken  looks  like  is  an  outward  expression  of  the  functioning  of  the  germ 
plasm  of  its  parents.  It  is  not  the  “ outside ”  so  much  as  the  “ inside” 
of  the  chicken  that  counts  in  determining  its  breeding  worth. 

Chickens  are  bred  primarily  for  egg  and  meat  production,  although 
some  poultry  breeders  are  more  interested  in  producing  birds  of  a  par¬ 
ticular  type  or  with  a  particular  plumage  pattern.  Whatever  may  be 
the  object,  marked  progress  can  be  achieved  only  when  the  poultry 
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breeder  has  an  intelligent  understanding  of  the  principles  involved  in 
the  inheritance  of  the  different  characters  that  fowls  possess. 

Inheritance  is  transmission  from  parent  to  offspring.  The  characters 
are  not  transmitted  bodily,  however,  as  shown  in  the  previous  chapter, 
but  it  is  the  ability  to  develop  such  characters  as  single  comb,  barred 
plumage,  and  egg  production  that  is  inherited.  In  his  poultry  breeding 
operations,  the  poultry  breeder  must  always  keep  in  mind  certain  funda¬ 
mental  principles  that  inescapably  apply  regardless  of  the  character  being 
developed.  A  mechanism  of  inheritance  is  involved,  the  results  secured 
from  any  particular  mating  depending  upon  the  kind  of  genes  which 
each  of  the  parents  possesses,  the  genes  being  the  determiners  of  the 
hereditary  characters. 

The  Principle  of  Dominance. — In  the  discussion  in  the  previous  chap¬ 
ter  on  the  sex-linked  inheritance  of  barring,  it  was  observed  that  barring 
is  dominant  to  nonbarring.  Dominance  is  also  to  be  observed  in  the 
inheritance  of  characters  that  are  produced  by  the  genes  borne  on  the 
autosomes.  For  instance,  when  a  Black  Rose-comb  Bantam  of  either 
sex  is  mated  with  a  White  Rose-comb  Bantam  of  the  opposite  sex  all  of 
the  offspring  are  black.  In  this  particular  cross  the  gene  for  black  plum¬ 
age  is  said  to  be  dominant  to  the  gene  for  white  plumage,  or,  more  briefly, 
black  is  dominant  to  white.  White  is  said  to  be  recessive  to  black. 

MENDELIAN  INHERITANCE 

The  manner  in  which  the  characters  black  and  white  are  inherited  in 
a  cross  between  Black  Rose-comb  and  White  Rose-comb  Bantams  serves 
to  illustrate  the  mechanism  involved  in  the  inheritance  of  most  pairs  of 
characters.  The  parental  generation,  meaning  the  parents  used  in  the 
original  cross,  is  designated  by  the  symbol  Pi.  The  offspring,  or  progeny, 
secured  from  the  original  cross  is  known  as  the  first  filial  generation  and 
is  designated  by  the  symbol  Pi.  When  members  of  the  first  filial  genera¬ 
tion  are  mated  among  themselves  they  produce  the  second  filial  genera¬ 
tion,  which  is  designated  by  the  symbol  P2.  Briefly  then,  Pi  produces 
Pi,  and  Pi  produces  P2. 

Homozygous  and  Heterozygous  Individuals. — The  genes  for  black  in 
the  Black  Rose-comb  Bantam  are  in  pairs,  one  of  each  pair  being  borne 
in  one  of  a  pair  of  autosomes.  Likewise,  the  genes  for  white  in  the  White 
Rose-comb  Bantam  are  borne  in  the  autosomes,  and  the  genes  are  in  pairs. 
Since  the  black  parent  has  two  genes  for  black,  the  biid  is  said  to  be 
homozygous  for  black,  which  simply  means  that  its  z\gote  contains  two 
similar  genes  for  the  character  that  is  expressed.  Since  the  white  parent 
has  two  genes  for  white,  the  bird  is  said  to  be  homoz\  gou>  foi  w  hite,  \\  hit  h 
simply  means  that  its  zygote  contains  two  similai  genes  loi  the  charac  i 
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When  the  black  parent  is  crossed  with  the  white  parent,  the  birds  of 
the  F i  generation  each  inherit  one  of  the  genes  for  black  from  the  black 
parent  and  one  of  the  genes  for  white  from  the  white  parent.  The  birds 
of  the  F i  generation  are  all  black  because  black  in  this  cross  is  dominant  to 
white,  but  they  are  heterozygous  for  black  and  for  white  because  each  of 
their  zygotes  contain  one  gene  for  black  and  one  gene  for  white,  the  term 
heterozygous  simply  meaning  zygotes  that  contain  dissimilar  genes. 

The  Principle  of  Segregation. — When  the  birds  of  the  F\  generation 
are  mated  among  themselves  they  produce  an  F2  generation  in  the  propor¬ 
tion  of  3  blacks  to  1  white.  The  genes  .for  two  contrasting  characters, 
black  and  white,  which  are  brought  together  in  F  i  segregate  in  definite 
proportions  in  F 2. 


Fig.  25. — The  parental  zygotes  give  rise  to  the  parental  gametes  and  the  gametes 
unite  in  pairs  to  form  the  first  hybrid  generation  or  F,  zygotes.  The  zygotes  give  rise  to  the 
F,  progeny,  which  are  called  “hybrids”  in  respect  to  the  inheritance  of  the  particular 
character  concerned,  and  since  black,  N,  is  dominant  to  white,  n,  all  of  the  progeny  are  black. 

Although  the  F2  generation  is  comprised  of  3  blacks  to  1  white,  the 
blacks  differ  among  themselves  in  respect  to  the  results  they  produce  when 
they  are  bred.  Among  every  3  blacks  1  is  homozygous  whereas  the  other 
2  are  heterozygous  for  black.  The  F2  white  birds  are  homozygous  reces- 
sives  and,  therefore,  produce  nothing  but  white  progeny  when  bred  among 
themselves.  The  F 2  ratio  of  3  blacks  to  1  white  is  really  a  ratio  of  1 
homozygous  for  black  to  2  heterozygous  for  black  and  for  white  to  1 
homozygous  for  white.  It  should  be  observed  that  the  F 2  homozygous 
black  is  just  as  pure  for  black  as  are  its  black  grandparent,  although 
the  parents  of  the  F2  blacks  had  a  gene  for  white  as  well  as  for  black. 
Likewise,  the  F2  homozygous  white  is  just  as  pure  for  white  as  its  white 
grandparent  in  spite  of  the  fact  that  the  F2  white  bird’s  parents  were 
black. 

The  demonstration  of  the  segregation  of  the  genes  in  the  F 2  generation 
is  the  first  of  two  basic  principles  of  Mendelian  inheritance,  which  simply 
means  the  theory  of  inheritance  first  propounded  by  Mendel. 
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The  Principle  of  Independent  Assortment. — The  second  of  the  two 

basic  principles  of  Mendelian  inheritance  is  that  of  the  independent 
assortment  of  the  genes.  This  principle  is  illustrated  clearly  in  the 
inheritance  of  two  pairs  of  characters,  which  is  precisely  the  same  in 
principle  as  the  inheritance  of  one  pair  of  characters,  e.g.,  black  plumage 
and  white  plumage,  which  has  just  been  discussed. 

When  two  pairs  of  characters  are  involved,  the  birds  of  the  F i  genera¬ 
tion  are  able  to  produce  four  kinds  of  gametes  instead  of  only  two,  as  in 
the  inheritance  of  one  pair  of  characters.  Since  four  kinds  of  gametes 
are  produced  by  each  sex,  the  possibilities  for  the  segregation  and  recom¬ 
bination  of  the  genes  is  four  times  as  great  as  in  the  case  when  only  two 
kinds  of  gametes  are  formed. 


F.  Black  Hybrid  x  Black  Hybrid 


Fig.  26. — The  F 1  zygotes  give  rise  to  the  F 1  gametes,  and  these  gametes  unite  in  pairs 
to  form  the  F 2  zygotes,  which  give  rise  to  the  F 2  progeny.  The  color  of  the  progeny  is  in 
the  proportion  of  three  blacks  to  one  white.  It  is  observed  that  among  the  blacks  one  is 
homozygous  and  two  are  heterozygous  for  color.  The  homozygous  black  and  the  homozy¬ 
gous  white  are  the  same  kind  of  birds  as  the  original  parents  (see  P  zygotes  in  Fig.  25). 

A  cross  between  a  Single-comb  Black  Langshan  of  either  sex  and  a 
Rose-comb  White  Minorca  of  the  opposite  sex  produces  an  F\  generation 
of  rose-comb  black  birds  because  rose  comb  is  dominant  to  single  comb 
and  black  is  dominant  to  white,  in  this  cross.  When  birds  ol  the  F  i 
generation  are  mated  among  themselves  they  produce  an  F  2  generation  ol 
four  kinds  of  birds,  as  far  as  comb  type  and  plumage  color  are  concerned, 
in  the  following  proportions:  9  rose-comb  blacks,  3  rose-comb  whites, 
3  single-comb  blacks,  1  single-comb  white.  Two  new  kinds  of  birds 
appear  in  the  F2  generation,  the  rose-comb  blacks  and  the  single-comb 
white.  It  should  be  observed  at  this  time  that  the  same  kind  ol  F  2 
generation,  as  far  as  comb  type  and  plumage  color  are  concerned,  would 
have  resulted  from  an  original  cross  ol  Rose-comb  Black  Leghorn  ol  eithei 
sex  and  Single-comb  White  Orpington  of  the  opposite  sex.  In  othei 
words,  the  particular  combination  in  which  the  pairs  of  genes  for  the  two 
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characters  are  brought  into  a  cross  makes  no  difference  at  all  in  the  man¬ 
ner  in  which  they  segregate  and  recombine  to  produce  the  F2  generation. 

Out  of  every  16  birds  in  the  F 2  generation  there  are  12  rose  combs  to 
4  single  combs,  a  3:1  ratio,  and  there  are  12  blacks  to  4  whites,  a  3:1 
ratio.  Of  the  12  rose  combs  there  are  9  blacks  to  3  whites,  a  3:1  ratio. 
Of  the  4  single  combs  there  are  3  blacks  to  1  white,  a  3 : 1  ratio.  Of  the 
12  blacks  there  are  9  rose  combs  to  3  single  combs,  a  3 : 1  ratio.  Of  the  4 
whites  there  are  3  rose  combs  to  1  single  comb,  a  3 : 1  ratio. 

Complementary  Genes. — Sometimes  certain  modifications  of  the 
9 : 3 : 3 : 1  ratio  arise  as  the  result  of  different  genes’  producing  a  like  effect 
or  as  the  result  of  two  different  genes  having  a  complementary  effect  on 
each  other  when  brought  together  in  the  original  cross.  White  Dorkings 
mated  to  White  Silkies  produce  an  F 1  generation  of  colored  birds,  and  the 
F2  generation  is  composed  of  birds  in  the  proportion  of  9  colored  to  7 
white.  This  is  a  9:3:3:1  ratio  in  which  the  last  three  groups  of  birds' 
cannot  be  distinguished  from  each  other.  Lack  of  space  prevents  further 
consideration  of  other  modifications  of  the  9:3:3:1  ratio. 

Modifying  Genes. — Several  genes  may  be  the  determiners  of  a  single 
character,  one  gene  being  primarily  responsible  for  the  development  of 
the  character,  while  the  other  genes  affect  the  degree  of  development  or 
otherwise  modify  the  expression  of  the  principal  gene;  such  genes  are 
called  modifying  genes. 

Linked  Genes. — Certain  cases  illustrating  the  fact  that  segregation 
and  independent  assortment  of  some  genes  do  not  take  place  are  those  in 
which  certain  characters  possessed  by  a  bird  used  in  an  original  cross  tend 
to  remain  associated  with  each  other  in  the  F2  generation,  owing  to  the 
fact  that  the  genes  giving  rise  to  these  characters  are  not  only  on  the  same 
chromosome  but  are  linked  together  in  the  chromosome.  The  phe¬ 
nomenon  is  known  as  linkage,  and  research  studies  have  shown  that  the 
genes  for  single  comb  and  for  the  Creeper  condition  exhibit  linkage,  as 
well  as  the  genes  for  crest,  frizzling,  and  dominant  white.  In  so  far  as 
available  evidence  is  concerned,  linkage  is  of  relatively  little  importance 
to  poultry  breeders,  but  there  is  a  possibility  that  linkage  may  be  shown 
between  genes  for  certain  structural  and  genes  for  certain  physiological 
characters,  such  as  egg  production.  The  linkage  of  genes  should  not  be 
confused  with  sex-linked  inheritance.  A  corollary  phenomenon  of  linkage 
is  that  of  crossing  over,  which  sometimes  takes  place  as  the  result  of  an 
interchange  of  parts  of  the  same  pair  of  chromosomes. 

Lethal  Genes. — One  of  the  surprising  things  revealed  in  recent  studies 
on  inheritance  is  that  there  are  genes  that  when  in  a  homozygous  condi¬ 
tion  kill  the  chick  embryo.  One  illustration  will  suffice  to  show  how  the 
presence  of  a  lethal  gene  disturbs  the  ratio  of  3 : 1  expected  in  the  F2 
generation.  The  Creeper  chicken,  with  its  very  short  legs,  is  due  to  the 
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presence  of  a  dominant  gene  for  short  legs.  An  F2  generation  secured 
from  an  original  cross  between  Creepers  and  normal  chickens  consists 
of  the  proportion  of  2  Creepers  to  1  normal  instead  of  3  Creepers  to  1 
normal.  The  reason  for  this  abnormal  situation  is  that  when  the  gene 
for  the  Creeper  character  is  in  a  homozygous  condition  the  embryo  never 
hatches.  The  significance  of  lethal  genes  on  hatchability  is  discussed  in 
a  later  section. 

Mutations. — Occasionally,  a  new  character  appears  unexpectedly  in 
one  generation  and  is  subsequently  found  to  be  inherited.  Such  a  sudden 
variation  that  is  inherited  is  called  a  “mutation”  and  is  due  to  a  change 
in  one  or  more  genes. 

Genotype  and  Phenotype. — The  term  “genotype”  refers  to  the  genetic 
constitution  of  a  bird,  whereas  “phenotype”  refers  to  a  bird  that  is  shown 
to  possess  certain  characters.  Birds  belonging  to  the  same  phenotype 
may  belong  to  different  genotypes.  For  instance,  the  F2  generation  of  a 
cross  between  a  Black  Rose-comb  and  a  White  Rose-comb  Bantam  is  com¬ 
prised  of  the  proportion  of  3  blacks  to  1  white,  and  among  every  three 
blacks  one  is  homozygous  for  black  whereas  the  other  two  are  hetero¬ 
zygous  for  black.  The  three  blacks  belong  to  the  same  phenotype,  but 
the  homozygous  black  belongs  to  one  genotype,  and  the  heterozygous 
blacks  belong  to  another  genotype. 

Dominant  and  Recessive  Characters. — Most  of  the  characters  whose 
inheritance  has  been  determined  are  listed  in  the  table  on  page  68. 

Most  of  the  characters  listed  in  Table  5  which  have  been  found 
to  be  inherited  in  typical  Mendelian  manner  are  for  the  most  part  simple 
characters.  The  listing  of  the  known  dominant  and  recessive  characters 
is  a  matter  of  convenience  to  the  readers  of  this  book  and  is  impressive 
from  the  standpoint  of  showing  the  progress  achieved  to  date.  The 
inheritance  of  some  of  the  characters  listed  is  somewhat  more  complicated, 
however,  than  would  appear  from  the  table,  but  lack  of  space  prevents 
other  than  a  very  brief  discussion  of  a  few  of  the  characters  studied. 

The  white  plumage  of  the  White  Leghorn  is  almost  completely  domi¬ 
nant  to  colored  plumage  so  that  when  a  White  Leghorn  of  either  sex  is 
mated  to  a  colored  bird  of  the  opposite  sex  the  adult  progeny  have  white 
plumage  except  that  some  individuals  may  have  flecks  of  black  in  a  few 
of  the  feathers;  if  the  colored  male  is  a  Rhode  Island  Red,  the  male  prog¬ 
eny  usually  have  red  on  the  shoulders,  and  some  ot  the  female  progeny 
may  have  red  on  the  breasts.  The  dominance  of  the  white  plumage  of 
the  White  Leghorn  is  due  to  the  presence  of  a  gene  that  prevents  color 
from  being  expressed;  otherwise  the  bird  would  be  barred,  foi  it  also 
carries  genes  for  barring,  color,  and  the  extension  ot  black  pigment. 

The  two  kinds  of  recessive  whites  differ  in  the  complementary  genes 
that  are  necessary  for  the  development  of  color,  one  kind  of  recessive 
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Table  5. — Dominant  and  Recessive  Characters  in  Chickens 


Characteristic 

Dominant  or  recessive 

Autosomal  or 
sex-linked 

White  plumage . 

In  White  Leghorns,  almost  completely  dominant  to  color 

Autosomal 

White  plumage . 

In  White  Dorkings,  Langshans,  Minorcas,  Plymouth  Rocks, 
Wyandottes,  recessive  to  color 

Autosomal 

White  plumage . 

Red-splashed  white 

In  some  strains  of  White  Rose-comb  Bantams  and  White 
Silkies,  recessive  to  color 

Autosomal 

plumage . 

Recessive  to  solid  color  and  to  color  pattern 

Autosomal 

Albino . 

Recessive  to  normal 

Autosomal 

Black  plumage . 

Dominant  to  recessive  white 

Autosomal 

Blue  plumage . 

Due  to  heterozygous  condition  of  color  genes 

Autosomal 

Buff  plumage . 

A  multiple  gene  character  dominant  to  recessive  white, 

Autosomal 

recessive  to  black, 

Autosomal 

and  recessive  to  “silver” 

Sex-linked 

Silver  plumage . 

“Silver”  in  Columbian,  Silver  Laced  and  Silver  Penciled 
varieties  dominant  to  “gold”  in  Red,  Buff,  Golden  Laced 
and  Golden  Penciled  varieties 

Sex-linked 

Barred  plumage . 

In  Plymouth  Rocks,  dominant  to  nonbarring 

Sex-linked 

Barred  plumage . 

White  skin  and  shank 

In  Campines,  dominant  to  nonbarring 

Autosomal 

color . 

Dark  skin  and  shank 

Dominant  to  yellow  skin  and  shank  color 

Autosomal 

color . 

Recessive  to  nondark  skin  and  shank  color 

Sex-linked 

Rose  comb . 

Dominant  to  single  comb 

Autosomal 

Pea  comb . 

Dominant  to  single  comb 

Autosomal 

Walnut  comb . 

Dominant  to  rose,  pea,  and  single 

Autosomal 

Side  sprigs . 

Dominant  to  normal  comb 

Autosomal 

Cerebral  hernia . 

Recessive  to  normal  cranium 

Autosomal 

Crest . 

Dominant  to  absence  of  crest 

Autosomal 

Muff  and  beard . 

Dominant  to  absence  of  muff  and  beard 

Autosomal 

Naked  neck . 

Dominant  to  normal  neck  feathering 

Autosomal 

Feathered  shanks . 

Dominant  to  nonfeathered  shanks 

Autosomal 

Vulture  hock . 

Recessive  to  normal  hock 

Autosomal 

Long  tail . 

Incompletely  dominant  to  normal  tail 

Autosomal 

Hen  feathering . 

Dominant  to  normal  feathering 

Autosomal 

Frizzle  plumage . 

Incompletely  dominant  to  normal  plumage 

Autosomal 

Silkie  plumage . 

Recessive  to  normal  plumage 

Autosomal 

“Frayed”  feathers.  .  .  . 

Recessive  to  normal  feather  development 

Autosomal 

Close  feathering . 

Dominant  to  loose  feathering 

Autosomal 

Slow  feathering . 

Dominant  to  rapid  feathering 

Sex-linked 

Flightless . 

Dominant  to  normal  wing 

Autosomal 

Rumplessness . 

Dominant  to  normal  condition 

Autosomal 

Crooked  neck . 

Recessive  to  normal  neck 

Autosomal 

Dwarfism . 

Recessive  to  normal 

Autosomal 

Creeper  condition . 

Dominant  to  normal  condition,  lethal  when  homozygous 

Autosomal 

An  embryo  lethal . 

Recessive  to  normal  embryo  development,  lethal  when  homo¬ 
zygous 

Autosomal 

“Sticky”  embryos . 

Recessive  to  normal,  lethal  when  homozygous 

Autosomal 

Deformed  upper  man¬ 
dible 

Recessive  to  normal  mandible,  lethal  when  homozygous 

Autosomal 

Hereditary  blindness.  . 

Recessive  to  normal  sight 

Autosomal 

Parietal  baldness . 

Dominant  to  normal 

Autosomal 

Congenital  blindness .  . 

Dominant  to  normal 

Autosomal 

Congenital  loco . 

Dominant  to  normal 

Autosomal 

Congenital  palsy . 

Dominant  to  normal 

Autosomal 

Polydactyl . 

Dominant  to  four-toed  condition 

Autosomal 

Early  sexual  maturity. 

Dominant  to  late  sexual  maturity 

Autosomal  and 
Sex-linked 

Broodiness . 

Dominant  to  nonbroodiness 

Autosomal  and 
Sex-linked 
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white  having  one  of  the  complementary  genes,  the  other  having  the  other 
complementary  gene.  This  explains  why  the  cross  of  White  Dorking  X 
White  Silkie,  mentioned  previously,  produces  colored  progeny.  It 
should  be  noted  that  the  White  Plymouth  Rock  carries  the  gene  for 
barring,  color,  and  the  extension  of  black  pigment,  but  it  is  a  white  bird 
because  it  lacks  one  of  the  complementary  genes  necessary  for  the  devel¬ 
opment  of  color.  Some  of  the  white  recessives  carry  the  “silver”  gene. 

The  blue  plumage  of  the  Blue  Andalusian  is  due  to  the  presence  of 
a  gene  that  partially  inhibits  the  development  or  expression  of  black 
pigment.  Blue  Andalusians  are  heterozygous  for  the  gene;  splashed 
white  Andalusians  are  homozygous  for  the  gene;  black  Andalusians  are 
homozygous  for  the  gene  recessive  to  the  inhibitor. 

Barring  in  Barred  Plymouth  Rocks  is  due  to  a  sex-linked  gene,  as 
explained  in  the  previous  chapter,  which  restricts  the  black  pigment  in 
the  plumage  to  bars.  The  white  bars,  which  alternate  with  the  black 
ones,  are  due  to  the  presence  of  the  gene  for  silver,  which  is  also  sex- 
linked.  The  Barred  Plymouth  Rock  male  is,  of  course,  homozygous  for 
both  genes,  whereas  the  female  is  heterozygous  for  both  genes.  The  gene 
for  barring  apparently  has  a  cumulative  effect  because  the  white  bars  in 
the  male  tend  to  be  approximately  twice  as  wide  as  the  black  bars.  But 
since  the  standard  adopted  for  the  Barred  Plymouth  male  requires  that 
the  white  and  black  bars  be  of  approximately  equal  width,  it  is  obvious 
that  in  the  standard  female  the  black  bars  will  tend  to  be  somewhat  wider 
than  the  white  bars. 

Although  the  mode  of  inheritance  of  over  40  characters  has  been 
determined,  a  great  deal  of  work  has  been  carried  on  with  other  charac¬ 
ters,  and  from  time  to  time  the  dominance  and  recessiveness  of  some  of 
them  will  undoubtedly  be  established.  With  some  characters,  however, 
progress  in  determining  their  Mendelian  inheritance  will  probably  be 
slow  because  of  the  fact  that  there  are  in  each  case  many  genes  involved 
and  there  are  in  addition  such  complicating  factors  as  the  influence  of 
environment,  hormones,  and  management  practices  on  the  expression 
of  the  character  whose  inheritance  is  being  studied.  The  hatchability 
of  eggs,  the  growth  of  chicks,  the  viability  or  livability  of  chicks,  resist¬ 
ance  to  disease,  egg  production,  and  flesh  production  are  characters  of 
such  fundamental  importance  that  knowledge  concerning  methods  ot 
controlling  their  inheritance  should  be  of  vital  concern  to  poultry  breeders. 

The  six  characters  of  fundamental  importance  just  mentioned  are 
known  as  physiological  characters  because  numerous  vital  processes  that 
take  place  within  the  body  of  the  chicken  are  involved  in  their  develop¬ 
ment.  That  they  are  inherited  there  seems  to  be  no  question,  but  the 
genetic  evidence  to  date  indicates  that  most  of  the  hereditary  variations 
that  exist  with  respect  to  each  of  the  characters  are  caused  by  a  large 
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number  of  genes,  each  of  which,  for  the  most  part,  probably  exercises  a 
relatively  small  effect. 

Moreover,  environment  frequently  plays  an  important  part  in  the  full 
development  of  these  characters;  in  fact,  the  genes  are  sometimes  unable 
to  develop  the  characters  unless  a  suitable  environment  prevails.  Two 
illustrations  will  serve  to  emphasize  the  relationship  between  heredity  and 
environment  in  the  development  of  physiological  characters:  (1)  Although 
the  genes  for  high  hatchability  may  be  present,  hatching  results  may  be 
very  disappointing  owing  to  faulty  methods  of  incubation;  (2)  the  genes 
for  high  egg  production  may  be  present,  but  egg  production  may  be  very 
low  as  a  result  of  an  improperly  balanced  diet  or  poor  housing  conditions. 
Rarely  do  ideal  conditions  of  environment  prevail  whereby  the  genes  are 
allowed  to  give  full  expression  to  their  potentialities. 

Then,  again,  research  work  has  demonstrated  that  certain  hormones, 
the  secretions  of  endocrine  glands,  have  a  pronounced  effect  upon  the 
physiological  processes  of  the  body.  For  instance,  certain  hormones  have 
a  direct  effect  on  body  metabolism,  growth,  sexual  maturity,  broodiness, 
egg  formation,  and  egg  production. 

Although  the  mode  of  inheritance  of  these  economically  important 
physiological  characters  has  not  been  determined,  the  results  of  various 
lines  of  investigational  work  have  been  very  fruitful  in  indicating  numer¬ 
ous  steps  that  may  be  taken  to  bring  their  inheritance  under  control. 
Before  discussing  very  briefly  the  results  of  studies  on  the  inheritance  of 
the  various  physiological  characters,  mention  should  be  made  of  certain 
problems  pertaining  to  fertility,  which  in  one  sense  constitutes  the  first 
stage  in  reproduction. 

THE  PROBLEM  OF  FERTILITY 

The  bulk  of  the  evidence  from  studies  on  fertility  indicate  that  it  is 
not  inherited,  although  it  is  well  known  that  fertility  may  be  much  better 
in  one  flock  or  strain  than  another.  Cases  of  sterility  in  both  males  and 
females  have  been  reported,  due  for  the  most  part  to  a  diseased  condition 
of  the  reproductive  organs  or  to  a  pathological  condition  of  the  reproduc¬ 
tive  cells.  Practically  no  inheritance  studies  have  been  conducted  on 
sterility. 


THE  INHERITANCE  OF  HATCHABILITY 

By  the  term  “  hatchability  ”  is  meant  the  ratio  of  the  number  of 
chicks  that  hatch  to  a  given  number  of  fertile  eggs,  when  presumably 
ideal  conditions  of  incubation  prevail.  If  a  hen  has  14  eggs  that  hatch 
out  of  20  fertile  eggs  set,  she  is  said  to  have  a  hatchability  of  70  per  cent. 
The  fact  that  hatchability  is  a  complex  character  determined  by  a  con- 
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siderable  number  of  genes  is  indicated  by  the  results  of  various  lines  of 
experimental  work. 

Evidence  indicating  that  hatchability  is  inherited  is  given  in  Table  6, 
which  gives  the  hatchability  of  the  daughters  of  Rhode  Island  Red  and 
White  Leghorn  dams,  the  dams  of  each  breed  being  divided  into  two 
classes.  The  two  Rhode  Island  Red  classes  of  dams  included  those  hav¬ 
ing  a  hatchability  of  68  per  cent  or  better  and  those  having  a  hatch- 
ability  of  less  than  68  per  cent ;  the  White  Leghorn  dams  were  classified 
according  to  whether  the  hatchability  was  above  or  below  74  per  cent. 
In  the  case  of  each  breed  the  same  males  were  mated  to  several  dams  in 
both  classes,  and  similar  males  were  also  mated  to  daughters  from  both 
classes  of  dams,  so  that  the  influence  of  the  males  on  hatchability  was  not 
a  factor. 

Table  6. — The  Hatchability  of  Rhode  Island  Red  and  White  Leghorn  Dams 
and  Their  Daughters  Classified  According  to  the  Mean  Per  Cent 

Hatchability  of  the  Dams 
(Jull,  1930) 


Breed 

Number 
of  dams 

Mean 
per  cent 
dams’ 

hatchability 

Number 
of  daughters 

Mean 
per  cent 
daughters’ 
hatchability 

\  51 

80.6 

105 

75.1 

Rhode  Island  Red . 

1  23 

59.9 

43 

66.4 

l  36 

81.2 

62 

63.4 

White  Leghorn . 

j  24 

64.4 

43 

52.3 

The  data  in  Table  7  show  that  hens  having  a  relatively  high  hatch- 
ability  as  yearlings  tend  to  have  a  higher  third-year  hatchability  than 


Table  7. — The  Second-  and  Third- year  Hatchability  of  Single-comb  White 
Leghorns  Classified  According  to  Their  Second-year  Hatchability 

(Hyre  and  Hall,  1932) 


Group 

Second-year  hatchability 

Above  50  per  cent 

Below  50  per  cent 

Mean  per  cent  hatchability 

Mean  per  cent  hatchability 

2d  year 

3d  year 

2d  year 

3d  year 

I 

72.5 

57.5 

32.9 

40.9 

11 

71.8 

58.2 

31.9 

41.2 

III 

72.3 

58.9 

35.1 

54.8 
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hens  having  a  relatively  low  hatchability  as  yearlings.  Single-comb 
White  Leghorns,  first  used  as  breeders  in  their  yearling  year,  were  divided 
into  two  classes  depending  upon  whether  their  yearling-year  hatchability 
was  above  or  below  50  per  cent,  and  then  the  mean  hatchability  of  each 
class  was  determined  for  the  third  year. 

The  fact  that  the  third-year  mean  per  cent  hatchability  of  each  group 
whose  second-year  hatchability  was  below  50  per  cent  was  higher  than 
the  second-year  mean  per  cent  hatchability  was  probably  because  in 
their  second  year  these  birds  or  their  eggs  suffered  environmental  handi¬ 
caps  which  prevented  the  complete  expression  of  hatchability  poten¬ 
tialities.  This  is  but  one  illustration  of  the  difficulties  involved  in  studies 
on  the  inheritance  of  a  physiological  character  like  the  hatchability  of  eggs. 

Effects  of  Inbreeding  on  Hatchability. — The  closest  form  of  inbreeding 
is  the  mating  of  brother  to  sister,  and  the  next  closest  forms  are  father 
to  daughter  and  son  to  dam.  Rarely  is  such  close  inbreeding  practiced 
by  poultry  breeders,  but  since  in  many  flocks  some  degree  of  inbreeding 
is  practiced,  the  results  secured  from  experimental  matings  are  quite 
illuminating. 

In  Table  8  are  given  data  on  the  hatchability  secured  from  father- 
daughter  outbred,  father-daughter  inbred,  and  control  matings.  The 
first  two  matings  are  two  forms  of  inbreeding.  For  the  first  form  of 
inbreeding  a  cockerel  was  mated  to  unrelated  pullets,  and  the  next  year 
the  same  male  was  mated  to  his  female  progeny  secured  from  the  first 
mating.  This  constitutes  the  father-daughter  outbred  mating.  For  the 
second  form  of  inbreeding  a  family  from  an  original  outbred  mating  was 
selected,  a  cockerel  of  this  family  was  mated  to  his  sisters,  and  the  next 
year  he  was  mated  to  his  female  progeny  secured  from  the  brother-sister 
mating.  This  constitutes  the  father-daughter  inbred  mating. 


Table  8. — Per  Cent  Hatchability  of  Father-daughter  Outbred, 
Father-daughter  Inbred,  and  Control  Matings 
(British  Ministry  of  Agriculture  and  Fisheries,  1934) 


Breed 

Father-daughter  outbred 
and  control  matings 

Father-daughter  inbred 
and  control  matings 

Period 

F.D.O. 

Control 

Period 

F.  D.  I. 

Control 

W.  Wyandotte.  .  .  . 

1927  to  1931 

55.2 

64.6 

1927  to  1931 

44.1 

62.7 

R.  I.  Red . 

1927  to  1928 

48.5 

52.9 

1927  to  1929 

51.1 

63.6 

W.  Leghorn . 

1927  to  1928 

48.9 

81.4 

1927  to  1929 

52.0 

74.8 

The  data  in  Table  8  show  that  in  every  case  the  hatchability  in  both 
forms  of  inbreeding  was  lower  than  that  of  the  control  matings,  in  some 
cases  the  difference  being  very  pronounced. 
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Hatchability  often  decreases  as  the  intensity  of  inbreeding  increases. 
The  coefficient  of  inbreeding  is  a  measure  of  the  intensity  of  inbreeding 
and  is  expressed  in  terms  of  a  percentage.  The  coefficient  of  inbreeding 
of  a  half-brother-sister  mating  is  12.50;  of  a  full-brother-sister  mating, 
25.00;  and  of  three  generations  of  brother-sister  matings,  50.00.  Where 
less  intense  inbreeding  is  practiced  the  coefficient  of  inbreeding,  of  course, 
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Fig.  27. — Embryonic  mortality  in  eggs  from  inbred  Single-comb  White  Leghorns,  O; 
unweighted  averages  for  pure  breeds,  and  unweighted  averages  for  crosses  between 
breeds,  X.  ( Byerly ,  Knox,  and  Jull,  1934.) 

is  lower.  The  data  in  Table  9  show  that  in  three  different  breeds  hatch- 
ability  decreased  as  the  coefficient  of  inbreeding  increased. 


Table  9. — Hatchability  in  Relation  to  Coefficients  of  Inbreeding 

(Jull,  1929;  Warren,  1934) 


Per  cent  hatchability 

W.  Leghorns 

R.  I.  Reds 

Coefficient 
of  inbreeding 

B.  P. 
Rocks 

W.  Leg¬ 
horns 

Range  in 
coefficient 
of  in- 
breeding 

Per  cent 
hatcha¬ 
bility 

Range  in 
coefficient 
of  in- 
breeding 

Per  cent 
hatcha¬ 
bility 

12.50 

25.00 

47.3 

40.1 

58.4 

56.6 

0  to  10 

71.9 

1  to  10 

56.0 

37.50 

21.0 

52.0 

11  to  20 

66.1 

1 1  to  40 

54.0 

50.00 

43.4 

21  to  50 

61.6 
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The  deleterious  effects  of  inbreeding  on  hatchability  are  shown  to  be 
due  largely  to  increased  embryo  mortality  during  the  first  four  and 
especially  the  last  three  days  of  incubation,  as  illustrated  in  Fig.  27. 

The  hatchability  results  secured  from  practically  all  experiments  on 
inbreeding  have  been  in  general  accord  with  those  given  in  the  two  preced¬ 
ing  tables.  For  the  most  part  these  experiments  were  conducted  for  the 
purpose  of  determining  the  effects  of  inbreeding  on  a  number  of  charac¬ 
ters,  and  no  particular  emphasis  was  placed  on  the  selection  of  breeding 
stock  for  high  hatchability.  The  results  of  an  experiment  on  inbreeding 
in  which  in  the  selection  of  breeding  stock  used  each  year  special  emphasis 
was  placed  on  hatchability  demonstrate  that  it  is  possible  to  maintain 
reasonably  high  hatchability  even  when  relatively  intense  inbreeding  is 


Per  Cent,  Inbreeding 


Chosen  to 
be  pot  rents 


All  inbreois 


Fig.  28. — Showing  the  trend  in  the  average  per  cent  of  fertile  eggs  hatched  for  all  in- 
breds  and  for  those  inbreds  chosen  to  be  parents,  together  with  the  number  of  birds  in  each 
group.  ( Waters  and  Lambert,  1936.) 


practiced.  The  selection  of  the  progeny  to  be  used  as  breeders  was  based 
on  the  hatchability  of  the  dam  and  sire,  and  the  results  of  this  experiment 
are  given  in  Fig.  28. 

Effects  of  Crossbreeding  on  Hatchability. — Crossbreeding  consists  of 
the  mating  of  males  of  one  breed  to  the  females  of  another  breed.  The 
data  on  the  effects  of  crossbreeding  on  hatchability  are  rather  limited, 
but  such  data  as  are  available  show  rather  pronounced  effects.  In 
practically  all  cases,  however,  including  those  with  too  limited  data  to 
report  here,  the  results  are  in  general  agreement:  crossbreeding  tends  to 
increase  hatchability.  The  data  in  Table  10  bear  out  this  general 
conclusion. 


Table  10. — The  Effects  of  Crossbreeding  on  Hatchability 


(Funk,  1934) 

Per  Cent 

Kind  of  Mating  Hatchability 

B.  P.  Rock  males  X  B.  P.  Rock  females .  57.0 

R.  I.  Red  males  X  same  B.  P.  Rock  females .  74.0 

W.  Leghorn  males  X  W.  Leghorn  females .  70.6 

W.  P.  Rock  males  X  same  W.  Leghorn  females .  80.1 
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Similar  results  are  often  secured  when  rather  closely  inbred  strains 
of  the  same  breed  are  crossed.  The  results  given  in  Table  1 1  were  secured 
from  four  pens  of  White  Leghorns  which  had  been  inbred  by  brother- 
sister  matings  for  three  successive  generations  and  then  the  pens  were 
intercrossed.  The  third-year  inbred  male  from  pen  1  was  mated  with  the 
third-year  inbred  females  from  pen  2,  the  third-year  inbred  male  from 
pen  2  was  mated  with  the  third-year  inbred  females  from  pen  1,  and  in 
similar  manner  the  third-year  inbred  males  from  pens  3  and  4  were 
exchanged. 


Table  11. — The  Effects  of  Crossing  Inbred  Strains  of  White  Leghorns  on 

Hatchability 
(Jull,  1933) 


Strain 

Per  cent  hatchability 

Pen  1 

Pen  2 

Pen  3 

Pen  4 

Third-year  inbred  mating . 

Inbred  matings  intercrossed . 

55.7 

57.4 

49.9 

57.5 

55.8 

62.7 

33.7 

50.9 

The  increased  hatchability  usually  obtained  from  crossbreeding  and 
from  the  intercrossing  of  inbred  strains  of  a  breed  is  due  largely  to  lower 
embryo  mortality  during  incubation,  especially  during  the  first  4  and  the 
last  3  days  of  the  incubation  period,  as  shown  in  Fig.  27. 

The  possibility  of  increasing  hatchability  through  crossbreeding  is 
limited,  however,  inasmuch  as  it  has  been  determined  that  when  two 
breeds  each  noted  for  high  hatchability  are  crossed,  hatchability  is  not 
likely  to  be  increased.  On  the  other  hand,  the  crossing  of  two  breeds 
each  noted  for  low  hatchability  is  likely  to  result  in  materially  increased 
hatchability. 

Genes  Having  a  Lethal  Effect. — Research  work  on  hatchability  con¬ 
ducted  during  recent  years  has  demonstrated  that  when  certain  matings 
are  made,  a  certain  gene  from  the  sire  and  a  similar  gene  from  the  dam 
brought  together  in  the  embryo  cause  its  death.  The  lethal  effect  of  the 
genes  result  from  their  being  in  a  homozygous  condition.  One  of  the 
best  examples  of  this  is  illustrated  in  the  case  of  the  results  secured  in 
the  second  filial  generation  of  an  original  cross  between  the  Creeper  and  a 
normal  fowl,  which  has  already  been  discussed.  1  he  Creeper  character 
is  due  to  a  dominant  autosomal  gene,  and  the  second  filial  generation 
would  be  expected  to  consist  of  3  Creepers  to  1  normal,  whereas  the  ratio 
secured  is  always  2  Creepers  to  1  normal.  4  he  embryos  that  fail  to  hatch 
are  those  which  contain  the  deleterious  gene  in  a  homozygous  condition, 
the  Creepers  that  hatch  having  the  gene  in  a  heterozygous  condition,  the 
same  as  the  Creeper  parent  in  the  original  stock. 
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Three  other  genes  having  a  lethal  effect  when  in  a  homozygous  con¬ 
dition  have  been  identified:  (1)  an  embryo  lethal  gene,  (2)  a  gene  giving 
rise  to  the  development  of  “sticky”  embryos  in  which  the  bones  are  soft 
and  fluids  in  the  egg  remain  unabsorbed  at  hatching  time,  (3)  a  gene  giv¬ 
ing  rise  to  a  deformed  upper  mandible.  As  time  goes  on  probably  more 
genes  having  a  lethal  or  semilethal  effect  will  be  identified. 

It  should  be  observed,  however,  that  any  lethal  gene  introduced  into  a 
flock  will  be  reduced  to  relatively  infrequent  occurrence  under  normal 
circumstances. 

Many  Genes  Determine  Hatchability. — Hatchability  is  a  complex 
physiological  character  which  is  undoubtedly  determined  by  a  very  large 
number  of  characters.  The  available  evidence  indicating  that  many 
genes  are  involved  includes:  (1)  the  fact  that  close  inbreeding  usually 
results  in  decreased  hatchability — the  closer  the  inbreeding  the  greater 
the  decrease — (2)  intercrossing  highly  inbred  lines  usually  results  in 
increased  hatchability;  (3)  crossbreeding  usually  results  in  increased 
hatchability;  (4)  several  genes  having  a  lethal  effect  have  already  been 
identified. 


THE  INHERITANCE  OF  VIABILITY 

Data  on  the  inheritance  of  viability  in  growing  chicks  and  in  adult 
stock  are  very  limited  for  the  simple  reason  that  the  environmental 
conditions  under  which  birds  are  kept  and  methods  of  feeding  frequently 
affect  the  health  of  the  birds  to  such  an  extent  that  it  is  impossible  to 
determine  whether  or  not  there  is  natural  immunity  from  or  resistance 
to  the  organisms  of  disease. 

Two  references  are  sufficient  to  demonstrate,  however,  that  different 
strains  of  birds  differ  in  their  inherent  ability  to  resist  disease.  The  first 
reference  has  to  do  with' differential  mortality  among  strains  of  chicks. 
Chicks  reared  under  identically  the  same  environmental  conditions  and 
fed  the  same  diets  but  secured  from  different  strains  of  birds  entered  in 
the  Nebraska  flock-testing  project  in  1935  showed  great  variation  in 
mortality  during  the  first  4  weeks  according  to  the  strain  from  which 
the  chicks  were  hatched.  In  some  strains  of  heavy  breeds  the  mortality 
during  the  first  4  weeks  was  as  low  as  13  per  cent,  and  in  other  strains  as 
high  as  70  per  cent.  Among  the  Leghorn  chicks  the  first  4-week  mortality 
varied  from  1  per  cent  in  the  chicks  of  one  strain  to  31  per  cent  in  the 
chicks  of  another  strain.  The  second  reference  has  to  do  with  differential 
mortality  among  strains  of  laying  pullets.  From  an  analysis  of  mortality 
data  in  the  Suffolk  laying  trials  in  England  from  1930  to  1935,  inclusive,  it 
was  observed  that  among  20  individual  poultry  breeders  12  of  them  had 
birds  in  which  the  mortality  amounted  to  only  7  per  cent,  whereas  the  8 
others  had  birds  in  which  the  mortality  was  20  per  cent.  It  is  quite  clear 
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from  these  two  references  that  certain  strains  of  chicks  and  certain  strains 
of  laying  pullets  were  much  more  susceptible  to  disease  than  others. 

During  recent  years  the  results  of  certain  lines  of  investigational 
work  indicate  that  it  is  possible  to  develop,  by  selection,  strains  of  birds 
resistant  to  specific  diseases.  In  one  experiment  of  10  years’  duration 
carried  on  at  the  Illinois  Agricultural  Experiment  Station  it  has  been 
shown  that  chicks  from  certain  hens  were  much  more  resistant  to  infection 
by  the  causative  organism  of  pullorum  disease  than  were  chicks  from 
other  hens.  Selection  was  effective  in  developing  strains  more  resistant 
than  were  unselected  stock,  and  the  selected  strains  were  consistent  in 
maintaining  resistance  through  successive  generations.  Resistance  was 
found  to  be  dominant  to  susceptibility.  In  another  experiment,  carried 
on  at  the  Iowa  Agricultural  Experiment  Station,  it  was  found  that  four 
generations  of  selection,  combined  with  some  inbreeding,  resulted  in  a 
marked  increase  in  resistance  to  fowl  typhoid,  multiple  genes,  some  of 
which  exhibited  dominance  or  partial  dominance,  being  involved.  The 
results  of  two  experiments  have  shown  that  there  is  a  decided  variation  in 
the  susceptibility  to  paralysis  exhibited  by  different  strains  of  birds. 

The  Effects  of  Inbreeding  and  Crossbreeding. — In  Table  12  are  given 
data  on  the  percentages  of  chicks  reared  up  to  16  weeks  of  age  under  the 
same  two  forms  of  inbreeding  and  control  matings  as  discussed  in  connec¬ 
tion  with  Table  8. 


Table  12. — Per  Cent  Chicks  Reared  up  to  16  Weeks  in  Father-daughter 
Outbred,  Father-daughter  Inbred,  and  Control  Matings 
(British  Ministry  of  Agriculture  and  Fisheries,  1934) 


Breed 

Father-daughter  outbred 
and  control  matings 

Father-daughter  inbred 
and  control  matings 

Period 

F.  D.  0. 

Control 

Period 

F.  D.  I. 

Control 

W.  Wyandotte . 

1927  to  1931 

63.0 

78.0 

1927  to  1931 

65.1 

76.4 

R.  I.  Red . 

1927  to  1928 

65.9 

78.8 

1927  to  1929 

46.2 

73.3 

W.  Leghorn . 

1927  to  1928 

41.4 

62.4 

1927  to  1929 

39.7 

64.9 

The  data  in  Table  12  show  that  in  every  case  chick  mortality  was 
greater  under  each  form  of  inbreeding  than  under  the  control  matings. 
The  effects  of  inbreeding  on  the  viability  of  chicks  are  much  the  same  as 
the  effects  of  inbreeding  on  the  viability  of  embryos  during  incubation. 
At  the  same  time,  it  should  be  possible  to  develop,  by  properly  controlled 
selective  inbreeding,  strains  in  which  the  viability  would  not  be  excessive. 

Crossbreeding,  on  the  other  hand,  frequently  results  in  lowered  mor¬ 
tality  among  the  progeny,  as  shown  in  Table  13. 
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Table  13. — Per  Cent  Chicks  Reared  up  to  3  Weeks  in  White  Leghorn,  Rhode 

Island  Red,  and  Crossbred  Matings 
(Warren,  1930) 


Mating  Chicks  Reared 

W.  Leghorn .  93.96 

R.  I.  Red .  92.97 

W.  Leghorn  male  X  R.  I.  Red  females .  96.91 

R.  I.  Red  male  X  W.  Leghorn  females .  99.94 


The  viability  of  chicks  from  crossbred  matings  is  undoubtedly  affected 
to  a  considerable  extent  by  the  vigor  or  other  qualities  of  the  pure  breeds 
that  are  crossed.  Pure  breeds  in  which  the  viability  of  chicks  is  high 
could  not  be  expected  to  give  materially  higher  viability  when  crossed, 
whereas  pure  breeds  in  which  the  viability  of  chicks  is  comparatively  low 
would  be  expected  to  give  considerably  higher  viability  when  crossed. 

THE  INHERITANCE  OF  THE  RATE  OF  GROWTH  AND  BODY  SIZE 

Aside  from  the  fact  that  the  males  in  each  breed  usually  grow  faster 
than  the  females  and  that  birds  belonging  to  the  light-weight  breeds,  such 


0/234  6  6  /O 
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Fig.  29. — Comparison  of  growth  of  White  Leghorns,  Rhode  Island  Reds,  and  hybrids 

resulting  from  their  crossing.  ( Warren ,  1930.) 

as  Leghorns,  reach  maturity  earlier  in  life  than  heavy-weight  breeds,  such 
as  Brahmas,  comparatively  little  evidence  has  been  accumulated  on  the 
inheritance  of  the  rate  of  growth.  That  there  is  great  variability  in  the 
rate  of  growth  among  strains  of  the  same  breed  is  a  matter  of  common 
observation  among  poultry  raisers.  It  has  also  been  observed  that  among 
birds  of  the  same  breed  or  variety  those  with  the  narrowest  feathers 
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usually  grow  at  a  slower  rate  than  birds  with  relatively  wide  feathers. 
Moreover,  it  has  been  found  that  in  Barred  Plymouth  Rocks  and  Rhode 
Island  Reds  birds  with  very  narrow  feathers  are  apt  to  be  relatively  bare 
of  feathers  over  the  back  during  the  first  6  or  8  weeks  of  the  growing- 
period.  The  problem  of  determining  the  mode  of  inheritance  of  the  rate 
of  growth  is  so  complex,  however,  that  comparatively  little  progress  has 
been  achieved.  One  of  the  major  difficulties  involved  is  that  of  maintain¬ 
ing  the  parents  and  their  progeny  under  strictly  uniform  conditions, 
including  environment  and  methods  of  feeding. 
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Fig.  30. — Comparison  of  growth  of  Rhode  Island  Reds,  Barred  Plymouth  Rocks,  and 
hybrids  resulting  from  their  crossing.  ( Warren ,  1930.) 

Observations  made  at  the  Oklahoma  Agricultural  Experiment  Station 
led  to  the  conclusion  that  the  rate  of  growth  during  the  first  8  weeks  is  a 
separate  entity  not  necessarily  related  to  adult  body  size. 

Most  investigations  on  the  rate  of  growth  have  involved  the  crossing 
of  breeds.  For  the  most  part  the  results  secured  from  these  investigations 
show  that  the  progeny  of  crossbred  matings  usually  grow  faster  for  the 
first  10  or  12  weeks  than  the  purebred  chicks  obtained  from  the  purebred 
parents  that  were  crossed.  The  growth  curves  in  Figs.  29  and  30  show 
the  effects  of  crossbreeding  on  rate  of  growth  during  the  first  10  weeks. 

The  adult  body  size  that  is  attained  is  the  result  of  the  cumulative 
effects  of  the  rate  of  growth  and  the  length  of  time  that  growth  continues. 
In  experiments  conducted  at  the  National  Agriculture  Research  Center, 
in  which  the  two  breeds  crossed  differed  widely  in  adult  body  size,  it  has 
been  found  that  the  adult  weight  or  size  of  the  progeny  was  slightly  below 
the  mid-weight  of  the  two  breeds  crossed.  In  experiments  in  which  the 
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two  breeds  crossed  did  not  differ  widely  in  adult  body  size,  it  has  been 
found  that  the  adult  size  of  the  progeny  was  approximately  intermediate 
between  the  size  of  the  two  breeds  crossed.  The  wide  variability  in  adult 
body  size  that  usually  exists  among  both  males  and  females  of  parental 
breeds  that  are  crossed  and  the  relatively  few  progeny  that  are  sometimes 
secured  from  crosses  make  it  impossible  to  draw  definite  conclusions 
concerning  size  inheritance  except  that  it  is  obvious  that  a  large  number  of 
genes  is  involved. 

Moreover,  it  has  been  determined  that  body  size  shows  much  greater 
variability  than  the  measurements  of  the  long  bones  of  the  body.  From 
studies  conducted  at  the  California  Agricultural  Experiment  Station  it 
was  concluded  that  shank  length  measured  on  live  birds  constitutes  a 
valid  criterion  of  heritable  differences  in  body  size.  The  results  of  studies 
on  the  inheritance  of  bone  measurements  indicate  not  only  that  many 
genes  determine  body  size  in  general  but  also  that  special  or  modifying 
genes  affect  different  parts  of  the  body. 

THE  INHERITANCE  OF  EGG  PRODUCTION 

The  fact  that  many  strains  of  modern  breeds  lay  an  average  of  180  or 
more  eggs  per  bird  during  the  first  laying  year  as  compared  with  an  aver¬ 
age  of  probably  12  or  15  eggs  per  bird  by  the  ancestors  of  modern  stocks 
indicates  that  egg  production  is  inherited.  Too  much  must  not  be  taken 
for  granted,  however,  for  the  simple  reason  that  much  of  the  improvement 
in  egg  production  that  has  taken  place  over  a  long  period  of  years  is  due 
to  the  results  of  domestication  and  better  methods  of  management, 
including  the  feeding  of  better  balanced  diets.  Nevertheless,  it  has  been 
well  established  that  egg  production  is  inherited,  although  the  mode  of 
inheritance  has  yet  to  be  determined. 

In  the  case  of  the  wild  stocks  the  females  upon  laying  about  12  or  15 
eggs  in  the  spring  of  the  year  became  broody,  egg  production  ceased,  and 
then  in  the  summer  or  fall  the  old  birds  underwent  their  first  annual 
molt.  Reproduction  in  the  case  of  practically  all  wild  birds  follows  the 
same  course  of  events:  the  spring  lay,  the  onset  of  broodiness  accom¬ 
panied  by  cessation  of  egg  production,  the  summer  or  fall  molt.  It  has 
been  demonstrated,  however,  that  by  removing  eggs  from  the  nest  as 
they  are  laid,  certain  species  of  wild  birds  can  be  induced  to  lay  many 
more  eggs  than  is  customary.  The  increase  in  the  egg  production  of  the 
domestic  fowl  has  resulted  from  providing  better  environmental  condi¬ 
tions  and  by  the  judicious  selection  of  breeding  stock  over  a  long  period 
of  time. 

Although  many  strains  of  modern  breeds  lay  an  average  of  180  or  more 
eggs  in  a  year,  there  is  still  great  variability  among  all  of  the  stocks  of  any 
country,  for  some  strains  or  families  may  average  only  80  or  90  eggs  per 
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bird,  while  other  strains  or  families  may  average  200  or  more  eggs  per  bird 
even  though  all  may  be  kept  under  the  same  environmental  conditions. 

Studies  on  the  inheritance  of  egg  production  have  been  based  for  the 
most  part  on  the  number  of  eggs  laid  from  the  time  that  laying  began  to 
and  including  365  days  thereafter,  this  period  denoting  what  is  called  the 
“ first  laying  year.”  Perhaps,  however,  the  first  laying  year  should 
embrace  the  period  from  the  onset  of  egg  production  to  the  time  of 
cessation  of  egg  production  preceding  the  first  annual  molt.  This 
involves  several  difficulties,  the  chief  of  which  is  that  it  is  extremely 
difficult  to  determine  when  the  first  annual  molt  begins  and  when  it  is 
completed.  Moreover,  the  cessation  of  egg  production  does  not  always 
precede  the  annual  molt.  As  a  matter  of  fact,  egg  production  is  such 
a  complicated  physiological  process  that  any  basis  upon  which  its  inherit¬ 
ance  is  studied  involves  numerous  difficulties.  On  the  other  hand,  the 
365-day  period  from  the  time  that  laying  begins  has  been  found  satisfac¬ 
tory  for  all  practical  purposes,  and  the  subsequent  discussion  on  the 
extensive  observations  of  many  investigators  is  condensed  with  a  view 
toward  presenting  as  comprehensive  a  picture  as  possible  of  existing 
knowledge  concerning  the  inheritance  of  egg  production,  the  most  impor¬ 
tant  economic  character  with  which  most  poultry  breeders  are  concerned. 

It  has  been  found  that  the  following  four  factors  are  of  major  impor¬ 
tance  in  determining  the  number  of  eggs  laid  during  the  first  laying  year: 
(1)  age  at  which  laying  begins,  known  as  “sexual  maturity”;  (2)  rate  of 
laying;  (3)  broodiness;  (4)  persistence  of  production.  These  four 
biological  factors  have  each  been  found  to  be  intimately  associated  with 
total  first-year  egg  production.  A  fifth  factor,  that  of  pause  in  egg 
production,  is  believed  by  some  investigators  to  be  a  biological  factor 
independent  of  rate  of  laying,  but  it  is  felt  by  others  to  be  associated 
with  rate  of  laying.  Each  of  these  five  factors  is  discussed  separately. 

Sexual  Maturity. — It  has  long  since  been  established  that  the  increase 
in  the  level  of  first-year  egg  production  that  has  been  secured  in  many 
flocks  is  due,  to  a  considerable  extent,  to  the  earlier  age  after  hatching 
that  laying  begins  as  compared  with  poorer  producing  flocks.  When  a 
pullet  starts  laying  she  is  said  to  be  sexually  mature,  and  recent  investiga¬ 
tional  work  has  demonstrated  that  sexual  maturity  is  inherited.  In  other 
words,  birds  that  begin  laying  early  in  life  differ  genetically  from  birds 
that  start  late  in  life. 

The  data  in  Table  14  give  the  results  secured  in  selecting  and  breeding 
for  early  sexual  maturity  and  for  late  sexual  maturity  in  a  flock  of  Rhode 
Island  Reds.  Beginning  in  1926  three  matings  were  made  of  birds  that 
had  begun  laying  at  225  days  of  age  or  less,  and  three  other  matings  were 
made  of  birds  that  had  started  to  lay  at  235  days  of  age  or  more.  The 
selection  and  breeding  of  the  early  and  late  sexually  maturing  birds  were 
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carried  on  for  6  years,  at  the  end  of  which  time  there  was  a  significant 
difference  in  the  sexual  maturity  of  the  early  and  the  late  sexually  matur¬ 
ing  strains. 

Table  14. — The  Mean  Sexual  Maturity  in  Days  in  an  Early-maturing  and 
Late-maturing  Strain,  Respectively,  in  Rhode  Island  Reds  Selected 

and  Bred  for  6  Years 
(Warren,  1934) 


Early-maturing  strain 

Late-maturing  strain 

Year 

No.  of 

Mean  sexual 

No.  of 

Mean  sexual 

daughters 

maturity,  days 

daughters 

maturity,  days 

1926 

89 

269.0 

85 

276.2 

1927 

96 

230.8 

84 

249.5 

1928 

73 

221.9 

97 

247.6 

1929 

92 

211.5 

78 

252.3 

1930 

20 

216.7 

29 

249.3 

1931 

45 

222.2 

71 

269.0 

During  1930  and  1931  various  matings  were  made  of  males  from  the 
early-maturing  and  from  the  late-maturing  strain,  respectively,  with 
females  belonging  to  each  of  the  two  strains,  the  results  secured  indicating 
that  a  dominant  sex-linked  gene  and  probably  several  autosomal  genes 
are  involved  in  the  inheritance  of  sexual  maturity.  Matings  were  also 
made  between  White  Leghorns  and  Rhode  Island  Reds,  the  former 
normally  attaining  sexual  maturity  earlier  than  the  latter.  The  results 
secured  indicated  that  sex-linked  genes  are  involved  in  the  inheritance 
of  sexual  maturity. 

These  observations  confirm  in  a  general  way  earlier  observations 
made  on  the  inheritance  of  sexual  maturity  in  Rhode  Island  Reds  at  the 
Massachusetts  Agricultural  Experiment  Station,  where  215  days  was  used 
as  the  upper  limit  for  early  sexual  maturity  and  216  days  as  the  lower  limit 
for  late  sexual  maturity. 

It  should  be  borne  in  mind  that  sexual  maturity  is  not  a  fixed  entity 
in  the  case  of  any  one  breed  or  variety.  For  instance,  in  studies  on  the 
inheritance  of  sexual  maturity  involving  225  yearling  Rhode  Island 
Reds  at  the  National  Agricultural  Research  Center  it  has  been  observed 
that  the  mean  or  average  sexual  maturity  of  the  1,689  daughters  was 
203.8  days.  The  results  secured  indicate  clearly  that  the  sexual  maturity 
of  a  dam  is  not  a  very  reliable  criterion  of  her  ability  to  transmit  sexual 
maturity  to  her  daughters.  This  means  that  the  phenotypic  expression 
of  sexual  maturity  is  not  necessarily  an  expression  of  the  genotypic  con¬ 
stitution  of  the  dams.  The  same  situation  was  found  to  exist  in  White 


BREEDING  PRINCIPLES 


83 


Leghorns  at  the  National  Agricultural  Research  Center,  the  inheritance 
studies  being  based  on  2,179  daughters  of  284  yearling  dams,  the  period 
of  study  covering  7  years,  as  in  the  case  of  Rhode  Island  Reds.  In  both 
studies  it  was  found  that  full  sisters  became  sexually  mature  at  more 
nearly  the  same  age  than  half  sisters  and  less  related  pullets  and  that 
half-sisters  became  sexually  mature  at  more  nearly  the  same  age  than 
less  related  pullets.  The  results  secured  from  these  two  studies  indicate 
that  several  genes  are  involved  in  the  inheritance  of  sexual  maturity. 

Although  it  is  undoubtedly  true  that  sexual  maturity  is  inherited 
and  that  several  genes  are  involved,  including  at  least  one  sex-linked 
gene,  it  is  clear  from  recent  research  that  the  cause  of  differentiation  in 
sexual  maturity  among  birds  is  accounted  for,  in  part  at  least,  by  differ¬ 
ences  in  the  functional  activity  of  one  or  more  of  the  endocrine  glands 
which  secrete  the  hormones,  many  of  which  have  been  shown  to  have  a 
pronounced  effect  in  regulating  various  functions  of  the  body.  For 
instance,  it  has  been  demonstrated  that  a  hormone  secreted  by  the  ante¬ 
rior  lobe  of  the  pituitary  influences  the  development  of  ova  and  is  a 
factor  in  determining  sexual  maturity.  It  may  be,  of  course,  that  the 
functional  ability  in  secreting  this  hormone  at  different  levels  is  inherited, 
but  at  any  rate  it  is  clear  that  much  more  work  is  necessary  before  the 
mode  of  the  inheritance  of  sexual  maturity  is  completely  solved. 

Rate  of  Laying. — Nearly  all  birds  lay  at  a  higher  rate  in  the  spring 
of  the  year  than  at  other  times,  rate  of  laying  referring  to  the  number  of 
eggs  per  month  or  for  any  given  period.  It  is  interesting  to  observe  that 
for  birds  in  the  same  latitude  in  different  parts  of  the  world  the  seasonal 
curves  of  egg  production  are  quite  similar,  as  shown  in  Fig.  31.  The 
reason  given  for  the  increase  in  the  rate  of  laying  during  the  spring  months 
is  that  the  birds  respond  to  the  gradual  increase  from  day  to  day  in  the 
amount  of  daylight  or  sunlight.  It  has  been  demonstrated  that  the 
anterior  lobe  of  the  pituitary  secretes  a  hormone  that  provides  a  stimulus 
for  the  development  of  ova.  The  activity  of  the  pituitary  gland  is  influ¬ 
enced  by  the  action  of  light,  the  bird’s  eye  being  sensitive  to  the  intensity 
of  illumination.  Under  conditions  of  increasing  light  intensity  more  of 
the  hormone  is  secreted,  and  this  substance  circulating  in  the  blood  stimu¬ 
lates  the  ovary  to  increased  production.  It  should  be  observed  here  that 
the  increased  egg  production  that  usually  follows  the  artificial  lighting  of 
laying  houses  is  due  to  the  increased  activation  of  the  pituitary  gland  by 
light  through  the  birds’  eyes,  and  as  a  result  of  increased  egg  production 
the  birds  consume  more  feed. 

That  light  exercises  a  rather  pronounced  effect  on  the  complicated 
mechanism  of  egg  laying  has  been  demonstrated  by  an  interesting  series 
of  experiments  carried  on  at  the  Kansas  Agricultural  Experiment  Station. 
It  was  first  observed  that  under  conditions  of  normal  lighting  birds  rarely 
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ggs  between  5  p.m.  and  6  a.m.,  suggesting  the  operation  of  some 
y  mechanism  which  prevents  the  laying  of  eggs  at  night.  It  was 


Punjab 


10°  N. 

Trinidad 
Gold  Coast 


35°  S. 
Australia 


Argentine 


Feb.  corrected  to 
30  days’  production 


M.  FEB.  MAR.  APR.  MAY  JUNE  JULY  AUG.  SEPT.  OCT.  NOV  DEC 

gg-production  curves  of  eastern  and  western  hemispheres  at  similar  latitudes. 

( Whetham ,  1933.) 

>wever,  that  when  birds  that  had  been  under  normal  lighting 
s  were  given  continuous  artificial  lighting  by  using  100-watt 
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Mazda  lamps,  with  no  daylight,  the  laying  period  was  reversed;  i.e., 
whereas  under  normal  lighting  the  birds  laid  in  the  daytime,  after  7  days  of 
continuous  artificial  lighting  they  tended  to  shift  their  laying  more  to  the 
night  period.  Then  when  the  day  period  was  darkened  and  artificial 
light  was  provided  at  night,  the  shift  in  laying  during  the  night  period 
was  almost  complete,  especially  after  4  days  following  the  change.  When 
24  hr.  of  darkness  intervened  followed  by  another  shift  back  to  normal 
daytime  lighting  and  night  darkness,  the  shift  to  laying  in  the  daytime 
was  almost  complete,  especially  after  3  days  following  the  shift.  In 
other  words,  under  normal  daytime  light  and  night  darkness  hens  lay 
in  the  daytime;  under  continuous  artificial  light  they  lay  throughout  the 
day;  under  reversed  periods  of  daylight  and  darkness  they  lay  at  night; 
and  under  continuous  artificial  light  supplemented  by  daytime  normal 
light  they  lay  in  the  daytime. 

The  results  of  these  and  other  experiments  demonstrate  that  light 
exercises  a  regulatory  effect  in  controlling  rate  of  laying.  Ovulation,  or 
the  liberation  of  the  yolk  from  the  ovary,  is  restricted  largely  to  the 
morning  period  of  the  day.  The  laying  of  an  egg  may  act  as  a  stimulus 
to  the  ovulation  of  the  succeeding  yolk,  but  it  is  not  the  only  stimulus,  for 
the  ovulation  of  a  pullet’s  first  egg  must  be  accounted  for  as  well  as  ovula¬ 
tion  of  the  first  yolk  following  a  period  of  cessation  in  laying. 

Egg  production  over  a  period  of  time,  such  as  the  first-year  produc¬ 
tion,  consists  of  a  series  of  clutches,  each  clutch  consisting  of  eggs  laid  on 
consecutive  days.  The  interruptions  that  occur  between  clutches  are 
apparently  due  to  delays  in  the  rate  of  ovulation.  The  number  of  days 
between  clutches  is  not  only  determined  by  a  delay  in  the  rate  of  ovula¬ 
tion  but  also  by  the  length  of  time  spent  by  the  egg  in  the  uterus  of  the 
oviduct.  Birds  that  lay  at  a  high  rate  have  fewer  delays  in  rate  of  ovula¬ 
tion,  and  their  eggs  spend  relatively  less  time  in  the  oviduct  than  birds 
that  lay  at  a  low  rate.  In  other  words,  the  best  layers  lay  in  long  clutches 
with  comparatively  few  intervals,  whereas  the  poorest  layers  lay  in  short 
clutches  with  numerous  short  or  long  intervals  between  clutches. 

In  studies  on  the  inheritance  of  the  rate  of  laying  in  Rhode  Island 
Reds  at  the  Massachusetts  Agricultural  Experiment  Station  it  has  been 
demonstrated  that  clutch  size  is  inherited.  In  similar  studies  at  the 
National  Agricultural  Research  Center  with  White  Leghorns  and  Rhode 
Island  Reds  the  basis  for  determining  the  inheritance  of  the  rate  of  laying 
was  the  percentage  production  from  the  date  of  first  egg  (sexual  maturity  ) 
to  Mar.  1.  The  number  of  eggs  laid  multiplied  by  100  and  divided  by 
the  number  of  days  involved  gives  the  rate  of  laying  in  the  case  of  each 
bird.  It  was  found  that  rate  of  laying  is  inherited,  full  sisters  laying  at 
more  nearly  the  same  rate  than  half  sisters  and  less  related  birds,  and 
half  sisters  laying  at  more  nearly  the  same  rate  than  less  related  birds. 
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Apparently,  several  genes  are  involved  in  the  inheritance  of  rate  of 
laying.  - 

Pauses  in  Production. — One  of  the  major  difficulties  in  determining 
the  inheritance  of  pauses  in  production  is  to  be  able  properly  to  classify 
many  of  the  birds  that  do  not  lay  for  a  period  of  7  days  or  more,  which 
is  the  basis  on  which  birds  have  been  divided  into  nonpause  and  pause 
groups.  Any  one  of  the  following  things  can  happen  to  a  hen  that  will 
cause  her  to  cease  laying  for  a  short  period:  a  slight  cold,  internal  para¬ 
sites,  a  mild  attack  of  several  different  kinds  of  disease,  a  digestive  dis¬ 
turbance,  environmental  disturbances  of  one  kind  or  another,  and  the 
onset  of  broodiness.  Until  more  is  known  concerning  the  cause  of  pauses 
in  production  it  seems  justified  to  regard  per  cent  production  from  date 
of  first  egg  to  Mar.  1  as  a  satisfactory  measure  of  the  rate  of  laying. 

Broodiness. — It  is  well  known  that  Mediterranean  breeds  have  much 
less  broodiness  than  Asiatic,  American,  and  English  breeds.  Also,  strains 
within  a  breed  may  differ  significantly  concerning  the  amount  of  broodi¬ 
ness  exhibited.  The  results  of  research  on  the  inheritance  of  broodiness 
conducted  at  the  Massachusetts  and  Illinois  Agricultural  Experiment 
Stations  and  Cambridge  University  have  demonstrated  that  at  least  one 
sex-linked  gene  and  probably  several  autosomal  genes  are  involved. 

It  seems  to  be  a  general  phenomenon  that  when  two  breeds  are  crossed, 
the  progeny  exhibit  a  pronounced  degree  of  broodiness,  usually  consider¬ 
ably  in  excess  of  the  broodiness  shown  by  either  of  the  parental  breeds. 

It  is  very  interesting  to  observe  that  the  pituitary  gland  of  birds 
that  are  genetically  broody  contains  larger  quantities  of  a  hormone  called 
“prolactin”  than  the  pituitary  gland  of  birds  of  nonbroody  genetic 
constitution.  Also,  among  birds  that  are  genetically  broody,  the  pitui¬ 
tary  of  those  in  broody  condition  contains  more  prolactin  than  when  they 
are  not  broody.  Thus,  it  is  apparent  that  broodiness  is  influenced  by  a 
complicated  physiological  mechanism  as  well  as  having  a  genetic  basis. 

Persistence  of  Production. — Strains  of  fowl  often  differ  markedly  in 
the  length  of  time  that  laying  is  continued  during  the  summer  and  fall  in 
the  year  following  that  in  which  the  birds  were  hatched.  In  fact,  families 
within  a  strain  frequently  differ  considerably  in  the  length  of  time  that 
laying  is  continued  toward  the  close  of  the  first-year  production  period. 
Persistence  of  production  is  a  very  desirable  characteristic,  for  it  is  obvi¬ 
ous  that  the  longer  that  laying  continues  the  greater  the  first-year  record 
of  production. 

It  has  been  definitely  established  that  the  termination  of  the  first 
year  of  laying  is  intimately  associated  with  the  onset  of  the  first  annual 
molt,  except  that  a  few  birds  have  been  known  to  continue  laying  through¬ 
out  the  entire  period  of  molting.  The  process  of  molting  includes  the 
shedding  and  renewal  of  the  plumage.  In  persistent  producers  molting 
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takes  place  much  later  than  in  nonpersistent  producers,  presumably 
because  the  activity  of  the  sex  glands  tends  to  inhibit  the  onset  of  the 
molting  process. 

The  fact  that  capons  start  to  molt  earlier  than  normal  males  and 
normal  males  begin  molting  earlier  than  persistent-laying  females  indi¬ 
cates  that  sexual  activity  is  instrumental  in  inhibiting  the  onset  of  the 
molting  process.  The  molting  process,  however,  involves  a  complicated 
physiological  mechanism  in  which  other  endocrine  glands  besides  the  sex 
glands  play  a  part.  It  has  been  demonstrated  that  daily  implantations 
of  the  anterior  lobe  of  the  pituitary  gland  in  hens  about  to  undergo  the 
molting  process  resulted  in  a  retardation  of  the  onset  of  molting.  The 
removal  of  the  anterior  lobe  of  the  pituitary  gland  is  followed  by  a  rapid 
and  extensive  molt.  It  is  not  to  be  concluded,  however,  that  the  anterior 
lobe  of  the  pituitary  gland  in  itself  inhibits  the  molt,  for  its  removal 
invariably  results  in  the  degeneration  of  the  sex  glands.  Moreover,  the 
removal  of  the  sex  glands  results  in  an  increase  in  the  size  of  the  anterior 
lobe  of  the  pituitary  gland  in  both  males  and  females.  From  this  it  might 
be  expected  that  the  molting  process  in  the  capon  would  be  retarded, 
whereas  the  onset  of  molting  in  capons  takes  place  earlier  than  in  normal 
males  and  much  earlier  than  in  persistent-laying  hens.  The  reason  that 
capons,  without  the  sex  glands  but  with  an  enlarged  anterior  lobe  of  the 
pituitary  gland,  start  molting  relatively  early  is  because  the  anterior 
lobe  of  the  pituitary  secretes  a  hormone  that  stimulates  the  thyroid 
gland,  which  in  turn  secretes  another  hormone  that  induces  molting. 

In  the  case  of  laying  hens  the  onset  of  the  molt  is  conditioned  by  the 
activity  of  the  ovary  and  the  anterior  lobe  of  the  pituitary  gland,  and 
when  these  glands  cease  to  function  or  function  at  a  lower  level,  molting 
is  induced  through  the  activation  of  the  thyroid  gland.  Molting  in 
persistent  layers  takes  place  later  than  in  nonpersistent  layers  as  a  result 
of  heritable  differences  in  the  functioning  ability  of  the  ovary  and  the 
anterior  lobe  of  the  pituitary  gland.  That  persistence  of  production  is 
inherited  there  can  be  no  doubt,  for  by  the  adoption  of  a  proper  system  ol 
selection  and  breeding  it  is  possible  to  develop  in  a  flock  persistent  produc¬ 
tion  to  a  relatively  high  degree. 

THE  INHERITANCE  OF  EGG  CHARACTERS 

The  size,  shape,  color,  and  interior  quality  of  eggs  are  characters  that 
are  inherited  from  generation  to  generation,  although  comparatively 
little  research  has  been  undertaken  to  determine  their  mode  ol  inheritance. 

Egg  Size— Size  of  egg  varies  from  the  very  small  eggs  laid  by  bantams 
to  the  comparatively  large  ones  laid  by  the  larger  breeds,  but  even  within 
a  breed  or  strain  egg  size  varies  considerably,  there  being  a  tendency 
for  the  largest  birds  in  a  flock  to  lay  larger  eggs  than  the  smallest  birds  in 
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a  flock.  Moreover,  the  eggs  laid  by  the  individual  bird  frequently  vary 
in  size  at  different  stages  of  the  first-year  production  and  at  different 
seasons.  In  the  case  of  most  birds  the  mean  size  and  the  maximum  size 
of  egg  laid  usually  differ  so  that  it  is  difficult  to  determine  the  best  criterion 
to  use  in  studies  on  the  inheritance  of  egg  size.  Since  the  size  of  egg  laid 
is  determined  largely  by  the  size  of  yolk  secreted  and  by  the  size  of  the 
oviduct,  it  is  readily  understood  how  complicated  is  the  problem  of 
determining  the  inheritance  of  this  important  physiological  character. 

Egg  Shape. — Practically  nothing  is  known  concerning  the  inheritance 
of  egg  shape  in  spite  of  the  fact  that  it  is  well  known  that  practically  all  of 
the  eggs  laid  by  a  hen  have  the  same  characteristic  shape. 

Egg  Color. — Egg  color  is  a  character  on  which  but  little  research  has 
been  conducted  to  determine  the  nature  of  its  inheritance.  The  crossing 
of  white-egg  and  brown-egg  breeds  gives  progeny  laying  tinted  eggs,  but 
the  shade  of  tint  varies  considerably.  As  a  matter  of  fact,  among  the 
brown-egg  breeds  the  eggs  laid  have  several  different  shades  of  brown, 
numerous  genes  for  shell  color  being  involved.  The  blue  shell  color  of 
eggs  laid  by  the  Araucana  fowl  from  Chile  has  been  found  to  be  dominant 
to  nonblue,  a  single  autosomal  gene  being  responsible. 

Interior  Quality. — Recent  research  has  demonstrated  that  certain 
qualities  pertaining  to  the  yolk  and  the  white  or  albumen  of  eggs  are 
inherited.  Although  the  factor  of  major  importance  affecting  yolk  color 
is  the  kind  of  diet  that  birds  receive,  it  has  been  shown  that  some  birds 
differ  in  their  ability  to  transform  the  pigment  from  the  feed  to  the  yolk. 
The  percentage  of  thick  white  in  eggs  is  apparently  an  inherited  charac¬ 
teristic,  judging  from  the  observations  of  three  lines  of  investigational 
work. 


PRINCIPLES  INVOLVED  IN  CONTROLLING  INHERITANCE 

The  ability  of  the  poultry  breeder  to  control  the  inheritance  of  a 
character  depends  to  a  considerable  extent  upon  the  number  of  genes  that 
give  rise  to  the  character.  Where  only  one  gene  is  concerned,  the  prob¬ 
lem  is  relatively  simple.  The  Wyandottes  have  rose  combs,  but  occa¬ 
sionally  birds  with  single  combs  appear  among  the  progeny  secured  from 
a  purebred  mating  of  a  Wyandotte  male  and  female.  Since  rose  comb  is 
dominant  to  single  comb,  there  being  but  a  single  gene  difference,  it  is 
obvious  that  the  male  and  female  parents  were  both  heterozygous  for 
rose  comb.  They  each  had  a  gene  for  rose  comb  and  a  gene  for  single 
comb  but  had  rose  combs  because  the  gene  for  rose  comb  is  dominant 
to  the  gene  for  single  comb.  They  would  produce  progeny  in  the  propor¬ 
tion  of  3  with  rose  combs  to  1  with  single  combs.  If  the  poultry  breeder 
wishes  to  eliminate  the  single-comb  character  from  his  flock,  he  should 
discard  those  that  produced  the  single-comb  progeny,  and  he  should  also 
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discard  the  progeny  unless  he  wished  to  determine  which  of  the  rose-comb 
progeny  was  homozygous  and  which  heterozygous  for  rose  combs.  The 
homozygous  rose-comb  progeny  when  mated  to  single-comb  birds  would 
produce  nothing  but  rose-comb  birds,  whereas  the  heterozygous  rose-comb 
progeny  when  mated  to  single-comb  birds  would  produce  approximately 
equal  numbers  of  rose-comb  and  single-comb  birds.  It  is  apparent, 
therefore,  that  where  only  one  gene  is  involved  it  is  a  comparatively 
simple  matter  for  the  poultry  breeder  to  control  inheritance. 

The  Possibilities  of  Selection. — As  far  as  the  various  physiological 
characters  are  concerned,  it  is  safe  to  say  that  any  two  birds  will  differ 
genetically  to  a  greater  or  lesser  degree.  The  problem  of  the  poultry 
breeder  is  to  be  able  to  identify  which  of  the  two  is  superior  in  its  ability 
to  transmit  the  desirable  genes.  It  should  be  kept  in  mind,  however,  that 
selection  can  do  nothing  toward  creating  new  genes.  Nevertheless,  the 
selection  of  the  best  individuals  for  future  breeding  purposes  makes 
possible  the  segregation  of  desirable  genes  from  each  of  the  parents  and 
the  recombination  of  these  desirable  genes  in  the  progeny. 

One  of  the  inherent  difficulties  involved  in  poultry-breeding  practice 
is  that  the  poultry  breeder  usually  considers  several  different  characters 
simultaneously  when  making  his  selections.  What  he  should  keep  in 
mind  is  that  the  larger  the  number  of  characters  on  which  selection  is 
based,  the  lower  the  intensity  of  selection  for  each  of  the  characters  that 
he  is  endeavoring  to  improve  by  selection.  In  other  words,  the  more 
attention  paid  to  unimportant  characters  the  less  valuable  is  the  selection 
for  the  economically  more  important  characters. 

Since  the  average  poultry  breeder  is  desirous  of  maintaining  excellence 
with  respect  to  each  of  several  characters,  such  as  high  hatchability  of 
eggs,  good  viability  in  chicks,  low  mortality  in  pullets,  good  egg  produc¬ 
tion,  and  good  egg  size,  it  is  obvious  that  a  very  large  number  of  genes  is 
involved,  inasmuch  as  there  is  probably  a  large  number  of  genes  responsi¬ 
ble  for  the  development  of  each  of  these  characters.  Very  rarely  indeed 
does  any  individual  bird  excel  in  all  or  even  most  of  the  characters;  in 
fact  most  birds  excel  in  but  few  characters.  It  follows,  therefore,  that 
the  genes  that  determine  these  characters  are  in  varying  degrees  of  hetero¬ 
zygosity  in  practically  all  birds.  The  object  of  the  poultry  breeder  is  to 
produce  birds  each  having  as  many  as  possible  of  the  desirable  genes.  In 
other  words,  homozygosity  of  desirable  genes  in  each  bird  is  the  desired 
goal. 

Inbreeding  Develops  Homozygosity. — Inasmuch  as  inbreeding  is  the 
mating  together  of  closely  related  individuals,  it  is  obvious  that  the  closer 
the  degree  of  inbreeding  the  greater  the  number  of  genes  in  a  homozygous 
condition  in  the  progeny  for  the  simple  reason  that  the  more  closely 
related  the  parents  are  the  greater  is  the  number  of  similar  genes  that 
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are  brought  together  in  the  matings.  The  closest  form  of  inbreeding  is 
the  mating  of  a  full  brother  to  a  full  sister,  and  the  next  closest  form  is 
the  mating  of  a  sire  to  his  daughter  or  a  dam  to  her  son.  The  pedigree 
of  a  bird  secured  from  any  of  these  closely  inbred  matings  shows  the  same 
ancestor  appearing  in  the  pedigree  more  than  once,  so  that  there  are 
fewer  different  ancestors  than  in  the  pedigree  of  a  bird  whose  parents  were 
unrelated.  In  the  accompanying  diagrams,  bird  7  is  shown  to  be  the 
product  of  a  mating  of  a  full  brother  to  a  full  sister  for  two  generations;  his 
great  grandsire  and  great  grandam  each  appear  four  times  in  the  pedigree, 
and  his  grandsire  and  grandam  each  appear  twice.  Individuals  having 
common  ancestors  tend  to  have  more  genes  in  a  homozygous  condition 
than  individuals  that  do  not  have  common  ancestors.  Bird  15  has  no 
common  ancestors  in  his  pedigree. 
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It  should  be  borne  in  mind  that  inbreeding  brings  together  undesirable 
as  well  as  desirable  genes.  Since  many  recessive  genes  have  less  desirable 
effects  than  dominant  genes,  inbreeding  has  the  effect  of  unmasking  the 
presence  of  these  undesirable  recessive  genes  whose  effects  were  masked 
by  the  presence  of  desirable  dominant  genes.  It  is  when  these  undesir¬ 
able  recessive  genes  occur  in  a  homozygous  condition  that  they  are  able 
to  produce  undesirable  characters,  as  has  been  shown  in  the  preceding- 
pages,  especially  with  such  characters  as  hatchability  of  eggs  and  viability 
of  chicks.  It  should  be  borne  in  mind,  however,  that  the  results  secured 
from  experiments  on  inbreeding  have  been  secured  for  the  most  part  from 
the  closest  forms  of  inbreeding.  The  poultry  breeder  who  has  a  relatively 
large  number  of  breeding  birds  to  use  each  year  could  safely  practice 
inbreeding  to  some  extent,  but  he  should  practice  rigid  selection  of  his 
young  and  old  stock  for  future  breeding  purposes. 

If  undesirable  characters  appear  in  inbred  birds,  it  is  because  undesir¬ 
able  genes  existed  in  the  original  stock.  The  appearance  of  undesirable 
characters  in  inbred  strains  makes  it  possible  for  the  poultry  breeder  to 
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eliminate  rather  quickly  numerous  undesirable  characters  from  his  flock. 
Inbreeding,  if  accompanied  by  intelligent  selection,  makes  rapid  improve¬ 
ment  possible  because  superior  families  can  be  readily  separated  from 
inferior  families. 

Crossbreeding  Develops  Heterozygosity. — Crossbreeding  is  the  mat¬ 
ing  of  birds  belonging  to  different  breeds,  so  that  the  natural  result  is  to 
combine  many  different  genes  from  rather  widely  separated  sources. 
Since  the  characters  in  each  of  the  purebred  parents  are  due,  for  the  most 
part,  to  the  effects  of  dominant  genes,  it  is  obvious  that  the  progeny  of  a 
crossbred  mating  contains  many  dominant  genes  in  a  heterozygous  condi¬ 
tion,  some  of  the  dominant  genes  having  been  received  from  one  purebred 
parent  and  some  from  the  other.  Many  dominant  genes  produce  more 
favorable  effects  than  do  recessive  genes,  so  that  progeny  produced  by 
crossbreeding  is  usually  superior  in  many  characters  over  either  of  the 
parental  breeds  crossed.  This  superiority  is  said  to  be  due  to  heterosis 
or  hybrid  vigor,  the  term  “ hybrid”  designating  the  progeny  of  a  crossbred 
mating.  The  results  secured  from  crossbreeding  depend  to  a  consider¬ 
able  extent,  however,  upon  the  qualities  possessed  by  the  parental  breeds 
that  are  crossed. 

Naturally,  crossbreeding  tends  to  lower  the  breeding  value  of  the 
hybrid  progeny  by  making  the  progeny  more  heterozygous  and  by  making 
selection  among  the  progeny  less  effective. 

A  selected  list  of  literature  references  will  be  found  at  the  end  of  the 
next  chapter. 
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BREEDING  PRACTICE 

The  paramount  object  of  the  poultry  breeder  should  be  the  ability  to 
identify  superior-breeding  males  and  females  and  to  mate  them  in  such  a 
way  that  they  will  produce  the  largest  possible  number  of  progeny  possess¬ 
ing  the  desirable  characters  for  which  the  stock  is  being  bred.  The 
ability  to  identify  males  and  females  of  superior  breeding  worth  is  the  first 
requisite  of  a  successful  breeding  program.  This  is  just  as  true  in  breed¬ 
ing  birds  for  standard-bred  excellence  as  in  breeding  them  for  economic 
qualities.  In  many  flocks  far  too  many  birds  of  inferior  breeding  worth 
are  used  each  year  because  many  poultry  breeders  apparently  have  never 
adopted  a  logical  basis  on  which  to  select  their  breeding  stock.  Medi¬ 
ocrity  tends  to  reproduce  itself.  The  results  secured  from  many  matings 
are  largely  matters  of  chance  because  in  too  many  cases  the  matings  are 
made  by  guesswork.  How  to  eliminate  some  of  the  guesswork  in  selecting 
breeding  stock  and  how  to  mate  males  and  females  of  superior  breeding 
worth  for  the  development  of  superior  strains  is  related  in  the  following- 
pages. 


SECURING  GOOD  FERTILITY 

The  poultry  breeder  should  always  keep  in  mind  that  the  percentage 
of  fertile  eggs  secured  is  the  first  factor  in  determining  the  number  of 
chicks  secured  in  proportion  to  the  eggs  set.  The  proper  management 
of  the  breeding  stock  is  important  in  order  to  secure  maximum  fertility. 
The  poultry  house  should  be  kept  dry  and  clean  at  all  times  because  filth, 
dampness,  and  disease  tend  to  lower  fertility. 

Extremely  cold  weather  is  apt  to  cause  a  lowering  in  fertility,  so  that 
special  precautions  should  be  taken  to  keep  the  house  comfortable  when 
the  temperature  drops  suddenly.  To  avoid  the  danger  of  having  combs 
badly  frozen,  some  poultry  breeders  cut  off  the  combs  of  the  males,  this 
practice  being  called  “  dubbing.  ”  Sharp  scissors  may  be  used  to  decomb 
baby  chicks,  and  scissors  or  tinners’  clippers  may  be  used  to  decomb  older 
birds.  The  operation  should  be  performed  only  on  a  warm  day;  other¬ 
wise  excessive  bleeding  may  occur.  After  the  comb  has  been  amputated, 
a  clean  feather  may  be  laid  on,  or  a  little  flour  may  be  sprinkled  over  the 
cut  surface.  In  the  case  of  cutting  of  the  wattles  it  is  a  good  practice 
first  to  apply  a  clamp  to  each  wattle,  and  then  after  the  wattles  are  ampu- 
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tated  apply  an  astringent,  such  as  tincture  of  ferric  chloride,  before  releas¬ 
ing  the  clamps. 

Testing  for  Fertility. — It  is  a  good  plan  to  make  up  matings  two  or 
three  weeks  before  eggs  are  to  be  saved  for  incubation  in  order  to  deter¬ 
mine  whether  or  not  good  fertility  may  be  expected.  This  is  particularly 
important  in  the  case  of  valuable  breeding  stock,  more  particularly  male 
birds  that  have  proved  to  be  of  superior  breeding  worth.  It  has  been 
found  at  times  that  a  male  bird  refuses  to  mate  with  certain  females  or 
vice  versa,  and  testing  for  fertility  before  hatching  eggs  are  to  be  saved 
for  incubation  in  the  case  of  trap-nested  flocks  allows  time  to  make  any 
necessary  changes. 

Good  Fertility  in  5  Days. — It  is  possible  to  secure  a  fertile  egg  approxi¬ 
mately  24  hr.  after  copulation  takes  place,  but  a  high  percentage  of  fertile 
eggs  is  not  likely  to  be  obtained  within  5  to  7  days  after  making  up  a 
mating.  In  order  to  secure  maximum  fertility  before  starting  to  save 
eggs,  it  is  well  to  make  up  the  matings  at  least  10  days  in  advance. 

Proportion  of  Sexes. — Males  differ  among  themselves  regarding  their 
ability  or  inclination  to  mate  with  different  numbers  of  females,  as  good 
fertility  sometimes  being  secured  from  a  mating  of  one  male  mated  to 
30  or  40  females  as  from  another  male  mated  to  12  to  15  females.  The 
vigor  and  individuality  of  the  male  seem  to  be  the  important  factors  in 
determining  the  approximate  number  of  females  to  which  he  should  be 
mated.  Males  of  the  Mediterranean  breeds  may  be  mated,  on  the 
average,  with  a  few  more  females  per  male  than  males  of  the  heavier 
breeds.  Pen  matings,  where  one  male  is  mated  with  a  given  number  of 
females,  should  consist  of  about  12  or  15  females,  depending  upon  the 
breed  and  age  of  the  male.  Flock  or  mass  matings,  where  a  number  of 
males  are  mated  with  the  entire  flock,  should  consist  of  one  male  to  every 
15  or  18  females,  depending  upon  the  breed  and  age  of  the  males. 

Age  of  Breeders. — Under  ordinary  circumstances  cockerels  give  better 
results  in  fertility  than  cocks,  and  usually  as  the  age  of  the  male  increases 
his  fertility  decreases.  This  is  especially  true  in  the  case  of  males  of  the 
heavy  breeds,  so  that  rarely  is  it  advisable  to  use  males  over  2  years  old 
unless  they  have  proved  to  be  valuable  breeders,  in  which  case  they  should 
be  mated  to  a  limited  number  of  females. 

Pullets  and  yearling  hens  usually  give  about  the  same  results  in 
fertility,  sometimes  with  a  slight  advantage  in  favor  of  pullets.  After 
their  yearling  year,  fertility  in  females  usually  declines.  Evidence 
secured  from  different  flocks  shows  that  pullets  that  give  better  results  in 
fertility  than  other  pullets  tend  to  give  better  results  in  fertility  as 
yearlings. 

Good  Fertility  for  10  Days  after  Matings  Discontinued.— While  it  is 
possible  to  secure  a  fertile  egg  as  long  as  21  days  after  copulation  has 
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taken  place,  the  per  cent  of  fertile  eggs  tends  to  decline  about  the  fifth 
day  and  declines  sharply  following  the  tenth  day  after  the  males  have 
been  removed  from  the  breeding  pens. 

In  pedigree  breeding  work  when  it  is  desirable  to  know  for  certain  the 
male  parentage  of  every  chick  hatched,  the  substitution  of  one  male  for 
another  should  not  be  made  for  3  weeks.  On  the  other  hand,  carefully 
controlled  tests  have  shown  that  when  a  second  male  replaces  the  first 
one  in  a  breeding  pen  there  is  practically  little  overlapping  in  the  fertiliza¬ 
tion  of  eggs  by  the  spermatozoa  of  the  two  males,  the  spermatozoa  of  the 
second  male  fertilizing  practically  all  of  the  eggs  about  10  days  after  the 
substitution. 

Artificial  Insemination. — When  copulation  takes  place  between  the 
male  and  female  chicken  the  male  ejaculates  semen  containing  sperma¬ 
tozoa,  the  number  of  which  may  vary  from  a  few  thousand  to  several 
million  at  each  ejaculation. 

A  very  successful  technique  has  been  developed  at  the  National  Agri¬ 
culture  Research  Center  for  securing  sperm  from  the  male  by  artificial 
stimulation  and  for  transferring  it  to  the  exposed  orifice  of  the  oviduct 
of  the  female.  This  method  is  extremely  useful  in  mating  birds  artificially 
that  differ  to  such  an  extent  in  body  size  that  normal  mating  is  physically 
impossible.  The  method  might  also  be  used  to  advantage  in  mating  a 
large  number  of  females  to  a  valuable  male  breeder  as  well  as  in  securing 
fertile  eggs  from  laying  hens  kept  in  batteries.  Doses  of  0.1  c.c.  of 
semen  administered  once  a  week  were  observed  to  give  good  fertility. 


BREEDING  FOR  HIGH  HATCHABILITY 

By  the  term  hatchability  is  meant  the  qualities  of  a  fertile  egg  that 
prevent  or  enable  the  hatching  of  a  chick  therefrom  under  ideal  or  normal 
conditions  of  incubation.  It  is  obvious,  of  course,  that  faulty  conditions  of 
incubation  may  affect  hatching  results,  thus  making  it  impossible  to  deter¬ 
mine  the  hatchability  of  all  eggs  set.  Hatchability  is  expressed  in  terms 
of  a  percentage,  which  is  obtained  by  multiplying  the  number  of  chicks 
hatched  by  100  and  dividing  the  product  by  the  number  of  fertile  eggs  set. 

Egg  Characters  and  Hatchability. — It  has  been  demonstrated  that 
hatchability  is  not  affected  by  the  normal  variations  that  occur  in  most 
of  the  characters  possessed  by  eggs,  such  as  shape,  length,  breadth,  specific 
gravity,  the  thickness  of  the  inner  and  outer  shell  membranes  and  shell, 
and  shell  color.  On  the  other  hand,  in  the  case  of  each  of  several  flocks 
in  which  there  was  considerable  variation  in  egg  size,  it  has  been  found 
that  those  eggs  which  approximated  the  standard  weight  of  2  oz.  or 

56.7  g.  per  egg  hatched  better  than  the  smallest  and  the  largest  eggs, 
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especially  the  latter.  The  general  situation  that  prevails  in  many  flocks 
is  shown  in  Fig.  32. 

Evidence  obtained  recently  indicates  that  eggs  having  the  greatest 
weight  of  albumen,  or  white,  tend  to  hatch  less  well  than  other  eggs,  and 
eggs  having  the  greatest  weight  of  thick  white  also  tend  to  hatch  less 
well  than  other  eggs.  Apparently  the  per  cent  of  thick  white  of  the  total 
white  per  egg  is  not  related  to  hatchability. 

Egg  Production  and  Hatchability. — From  various  observations  made 
on  the  relationship  between  the  egg  production  of  the  dams  prior  to  and 
during  the  breeding  season  and  the  hatchability  of  their  eggs,  it  has  been 
shown  that  good  hatchability  is  generally  associated  with  good  egg  pro¬ 
duction.  In  other  words,  the  eggs  of  the  best  layers  tend  to  hatch  just 


Egg  Weight, Grams 


Fig.  32. — Showing  the  relationship  between  hatchability  and  average  egg  weight  per 
bird.  Eggs  approximating  the  standard  weight  of  2  oz.  per  egg  tend  to  hatch  better  than 
others.  ( Godfrey ,  1936.) 

as  well  as  and  in  many  cases  better  than  the  eggs  of  the  poorest  layers. 

Lethal  Genes  and  Hatchability. — Since  it  has  been  shown  in  the 
preceding  chapter  that  there  are  certain  genes  that  have  a  lethal  effect 
on  the  developing  embryo  when  the  genes  are  in  a  homozygous  condition, 
it  is  advisable  for  the  poultry  breeder  who  practices  pedigree-breeding 
work  for  the  development  of  a  superior  strain  to  examine  his  hatching- 
records  carefully  with  a  view  toward  identifying  the  sires  and  dams  carry¬ 
ing  the  lethal  genes  in  a  heterozygous  condition.  A  sire  and  dam  each 
carrying  the  lethal  in  a  heterozygous  condition,  upon  being  mated  together 
produce  embryo  progeny  in  the  proportion  of  3  normal  to  1  possessing 
the  lethal  character.  The  same  sire,  mated  to  his  daughters,  produces 
embryo  progeny  in  the  proportion  of  5  normal  to  1  lethal  or  7  normal  to 
1  lethal,  depending  upon  the  particular  relationship  he  bore  to  his 
daughters. 

Age  of  Parents  and  Hatchability.— The  hatchability  of  eggs  laid  by 
birds  of  different  ages  has  been  investigated  by  a  number  ol  workers, 
whose  results  show  for  the  most  part  that  pullet  eggs  tend  to  hatch  slight!} 
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better  than  hen  eggs.  The  pertinent  data  are  given  in  Table  15,  it  being 
understood  that  the  pullet  and  hen  groups  were  composed  of  many  differ¬ 
ent  birds,  although  quite  a  few  birds  appeared  in  both  groups,  in  the  case 
of  each  breed. 

Table  15. — Per  Cent  Hatchability  of  Pullet  and  Hen  Eggs,  the  Pullet  and 
Hen  Groups  Comprising  Many  Different  Birds 

(Funk,  1934) 


Breed 

Pullets 

Hens 

W.  Leghorns . 

82.9 

74.5 

R.  I.  Reds . 

78  9 

70  7 

Barred  Plymouth  Rocks . 

W.  Plymouth  Rocks . 

61.7 

75.9 

57.4 

69.2 

It  should  be  pointed  out  that  the  pullets  and  hens  were  mated  to  differ¬ 
ent  male  birds,  and  the  age  of  the  hens  is  not  given. 

That  the  hatchability  of  the  eggs  of  the  same  group  of  birds  used  two 
or  more  breeding  seasons  in  succession  tends  to  decline  is  shown  in 
Table  16. 


Table  16. — Per  Cent  Hatchability  of  Eggs  Laid  by  Groups  of  Female  Breeders 

Used  Two  or  More  Breeding  Seasons 
(a,  Hyre  and  Hall,  1932;  b,  Warren,  1934) 


Breed 

Age  of  female  breeders 

Pullets 

2d  year 

3d  year 

4th  year 

W.  Leghorns® . 

54.3 

52.4 

Heavy  breeds® . 

49.1 

52.1 

W.  Leghorns® . 

61.4 

53.2 

W.  Leghorns® . 

62.1 

54.8 

46.3 

W.  Leghorns® . 

62.1 

58.9 

57.0 

W.  Leghorns6  . 

70.1 

62.7 

W.  Leghorns6 . 

75.0 

65.8 

70.0 

W.  Leghorns6 . 

W.  Leghorns6 . 

76.7 

78.0 

65.6 

72.4 

60.7 

R.  I.  Reds6 . 

55.0 

43.9 

R.  I.  Reds6 . 

60.0 

53.3 

49.2 

R.  I.  Reds6 . 

64.1 

62.5 

R.  I.  Reds6 . 

69.2 

65.8 

54.2 

It  should  be  observed  that  different  male  birds  were  used  with  the 
females  of  different  ages  and  that  conditions  of  incubation  may  have 
varied  from  one  year  to  another.  Nevertheless,  the  data  in  Table  16 
show  that  in  spite  of  these  and  other  factors  that  may  have  affected  the 
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hatchability  of  the  eggs  of  any  of  the  groups  of  birds,  there  is  a  tendency 
for  hatchability  to  decrease  as  breeding  females  become  older. 

Data  on  hatchability  in  relation  to  the  age  of  the  male  bird  are  very 
meager,  but  it  is  probably  true  that,  for  the  average  male,  the  influence 
on  the  hatchability  of  the  eggs  of  the  females  with  which  the  male  is 
mated  does  not  decline  to  the  same  extent  as  his  influence  on  fertility 
declines  with  advancing  age. 

Practical  Suggestions. — It  is  possible  to  improve  the  hatchability  of 
a  flock  by  the  proper  selection  of  the  breeding  stock  from  year  to  year. 
The  poultry  breeder  who  trap-nests  his  female  breeders  and  carries  on 
pedigree  breeding  work  should  select  his  birds  for  future  breeding  purposes 
from  among  the  progeny  of  sires  and  dams  that  give  the  best  results  in 
hatchability. 

If  the  hatchability  of  a  family  or  strain  is  low,  it  could  be  improved 
by  securing  a  male  from  a  family  or  strain  noted  for  high  hatchability. 
Careful  records  should  be  kept  on  the  hatchability  of  the  eggs  laid  by  each 
dam,  particular  note  being  made  of  high  early  or  late  embryo  mortality 
during  the  incubation  period.  Indications  of  the  presence  of  lethal  genes 
should  be  given  special  consideration.  Females  of  superior  breeding 
worth  that  give  good  hatchability  when  first  used  as  breeders  should  be 
used  for  several  years. 

The  poultry  breeder  who  does  not  trap-nest  his  female  breeders  in 
order  to  carry  on  pedigree-breeding  work  should  not  expect  to  make  the 
same  progress  in  improving  hatchability  as  the  pedigree  breeder  who 
selects  his  future  breeding  stock  on  the  progeny-test  basis.  Nevertheless, 
it  is  possible  for  the  poultry  breeder  who  does  not  carry  on  pedigree-breed¬ 
ing  work  to  improve  the  hatching  quality  of  the  eggs  laid  by  his  flock  from 
year  to  year.  If  the  hatchability  of  the  eggs  of  his  flock  is  low  as  a  result 
of  poor  inheritance,  male  breeders  could  be  purchased  from  a  pedigree- 
poultry  breeder  whose  flock  is  noted  for  its  high  hatchability. 

BREEDING  FOR  VIABILITY  AND  GOOD  RATE  OF  GROWTH 

Mortality  takes  entirely  too  heavy  a  toll  in  most  flocks  of  chicks  and 
laying  pullets.  Much  of  the  mortality  is  undoubtedly  due  to  faulty 
methods  of  management,  including  the  diet  that  is  fed,  but  in  many  cases 
it  is  due  primarily  to  the  low  resistance  of  the  stock  to  invasions  ol  disease 
of  one  kind  or  another. 

The  pullorum  disease  often  causes  heavy  mortality  in  chicks,  especially 
during  the  first  two  or  three  weeks.  This  disease  is  mentioned  here  not 
because  it  is  inherited  in  the  same  sense  as  shape  of  comb  or  color  oi  skin 
but  because  the  organism  that  causes  the  disease  passes  from  the  infected 
hep.  to  the  chick  through  the  medium  of  the  egg.  Since  chicks  infected 
with  pullorum  disease  frequently  suffer  heavy  mortality,  it  is  advisable 
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to  have  the  breeding  stock  tested  for  the  disease,  and  all  reactors  promptly 
removed. 

The  poultry  breeder  who  carries  on  pedigree-breeding  work  should 
keep  careful  records  of  the  mortality  that  occurs  among  the  chicks  secured 
from  each  dam  and  from  each  sire.  Families  in  which  the  lowest  mor¬ 
tality  occurs  should  be  the  ones  from  which  future  breeding  stock  is 
selected,  provided,  of  course,  that  these  families  are  satisfactory  with 
respect  to  other  characters. 


Fig.  33. — Showing  great  difference  in  the  feathering  of  Barred  Plymouth  Rock  broilers 
of  the  same  age.  Poor  feathering  is  frequently  accompanied  by  slow  rate  of  growth.  ( U . 
S.  Dept.  Agr.) 

Several  lines  of  evidence  have  been  secured  from  different  sources 
indicating  that  it  is  possible  to  reduce  mortality  and  increase  longevity 
in  the  stock  raised  each  year  by  breeding  only  from  yearling  and  older 
hens.  A  breeding  program  based  on  the  viability  of  the  progeny  should 
prove  to  be  very  worth  while. 

The  same  principle  should  be  applied  in  the  selection  of  stock  for 
future  breeding  purposes  from  among  the  laying  pullet  progeny  of  dams 
and  sires  in  which  mortality  has  been  the  lowest,  provided  the  family 
average  egg  production  and  other  characters  are  satisfactory.  The 
poultry  breeder  should  adopt  as  his  objective  the  development  of  a  strain 
resistant  to  disease. 

At  the  Illinois  Experiment  Station  it  has  been  shown  that  birds  differ 
in  their  resistance  to  the  organism  causing  pullorum  disease,  and  at  the 
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Iowa  Experiment  Station  it  has  been  demonstrated  that  birds  differ  in 
their  resistance  to  fowl  typhoid.  At  other  experiment  stations  evidence 
has  been  secured  indicating  that  birds  differ  in  their  resistance  to  fowl 
paralysis.  The  results  of  work  done  at  the  Kansas  Experiment  Station 
indicate  that  strains  of  chickens  differ  in  their  resistance  to  an  internal 


nematode  parasite,  Ascavidia  lineata.  From  these  various  lines  ot  woik 
it  is  clearly  apparent  that  by  the  selection  of  breeding  stock  on  the  prog¬ 
eny-test  basis  it  should  be  possible  to  develop  strains  of  chickens  highK 
resistant  to  these  diseases. 

Rate  of  growth  and  rate  ol  feathering  should  also  be  taken  into  con¬ 
sideration  in  the  selection  of  breeding  stock.  Stiains  of  chickens  fie- 
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quently  differ  to  a  considerable  extent  with  respect  to  both  of  these 
characters,  and  in  strains  characterized  by  slow  rate  of  growth  and  poor 
feathering  in  the  growing  stock  considerable  improvement  is  possible 
through  the  intelligent  selection  of  breeding  stock  from  year  to  year.  In 


Fig.  35. — A  sire,  shown  in  the  center  of  the  figure,  surrounded  by  8  of  his  sons.  The 
sire  should  never  have  been  used  as  a  breeder  for  it  is  clearly  apparent  that  he  transmitted 
excessive  length  of  leg,  shallow-breastedness,  and  lack  in  depth  of  body  to  his  progeny.  It 
is  the  kind  of  progeny  produced  that  determines  the  breeding  worth  of  a  parent.  {Maw, 
1938.) 

studies  conducted  at  the  Maine  Experiment  Station  it  was  found  that 
there  was  more  mortality  among  chicks  that  grew  extremely  slowly  or 
excessively  fast  as  compared  with  chicks  that  grew  at  what  might  be 
called  a  normal  rate. 
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Those  interested  in  the  development  of  strains  most  suitable  for  broiler 
pioduction  should  select  rigidly  against  poor  feathering  over  the  backs 
up  to  at  least  8  weeks  of  age,  particular  care  being  taken  to  eliminate  from 
the  breeding  pen  the  sires  and  dams  that  produce  the  poorly  feathered 


broilers.  The  selection  of  the  breeding  stock  on  the  basis  of  the  rate  of 
growth  in  their  progeny  up  to  8  weeks  of  age  should  also  be  practiced,  for 
evidence  has  been  submitted  showing  that  rate  of  growth  to  8  weeks  is 
apparently  a  separate  heritable  characteristic. 

The  relatively  slow  rate  of  feathering  characteristic  of  Plymouth 
Rocks,  Rhode  Island  Reds,  Wyandottes,  and  similar  breeds  has  been 


Fig.  36. — A  sire,  shown  in  the  center  of  the  figure,  surrounded  by  8  of  his  sons.  The 
sire  and  his  progeny  represent  the  desirable  kind  of  market  bird,  having  well  proportioned 
bodies  of  good  depth,  with  good  length  of  keel,  giving  a  prominent  breast.  Breeding 
stock  should  be  selected  for  meat-producing  ability  as  well  as  for  egg  production.  (Maw, 
1938.) 


102 


POULTRY  HUSBANDRY 


shown  to  be  dominant  to  the  more  rapid  rate  of  feathering  of  Leghorns 
and  similar  breeds.  Occasionally,  however,  early  feathering  chicks  are 
to  be  found  among  the  heavy  breeds,  as  evidenced  by  the  length  of  wing 
and  tail  feathers  of  the  chicks  at  10  days  of  age.  By  using  such  chicks, 
upon  their  reaching  maturity,  as  foundation  stock  it  is  possible  to  develop 
an  early  feathering  strain  in  any  heavy  breed. 

Crossbreeding  stimulates  the  rate  of  growth  for  the  first  few  weeks,  but 
the  adult  size  of  the  crossbred  progeny  is  usually  about  midway  between 
the  average  adult  size  of  the  parental  breeds  that  are  crossed. 

Poultry  breeders  interested  in  developing  strains  for  egg-  and  meat- 
production  purposes  should  select  their  breeding  stock  on  the  basis  of 
standard-bred  weight,  avoiding  the  excessively  small  and  large  birds. 
Special  attention  should  be  given  to  the  width  of  the  back  in  relation  to 
the  length  of  the  body. 

Crooked  keels  have  been  shown  to  be  inherited  in  at  least  one  strain 
of  chickens,  and  where  they  occur  in  other  strains  in  sufficient  proportion 
to  affect  the  value  of  the  birds  when  marketed  they  should  be  rigidly 
selected  against  in  the  breeding  program. 


BREEDING  FOR  GOOD  EGG  PRODUCTION 

Except  for  certain  specialized  broiler-producing  areas  in  the  United 
States,  the  production  of  eggs  has  been  the  factor  of  greatest  economic 
importance  in  poultry  raising  as  far  as  the  chicken  industry  is  concerned. 
For  the  most  part,  therefore,  the  problem  of  the  poultry  breeder  has  been 
how  to  develop  efficient  egg-laying  strains,  at  the  same  time  giving  due 
consideration  to  the  economic  importance  of  meat  production.  The 
greatest  efficiency  in  egg  production  can  be  developed  only  in  a  flock  that 
is  bred  for  the  various  egg-production  characters  and  where  selection 
is  carried  on  to  eliminate  the  poor  layers. 

The  physical  appearance  of  a  bird  is  of  service  in  distinguishing  the 
layer  from  the  nonlayer,  and  certain  physiological  changes  that  take  place 
in  relation  to  egg  production  serve  to  indicate  the  approximate  length  of 
time  that  a  bird  has  been  laying. 

Since  egg  production  of  itself  is  not  a  reliable  index  of  breeding  worth, 
the  selection  of  the  laying  flock  must  be  supplemented  by  a  constructive 
breeding  program  which  involves  not  only  records  of  production  but 
pedigrees  and,  most  important  of  all,  progeny  tests.  At  the  same  time, 
the  poultry  breeder  should  always  remember  that,  although  the  breeding 
program  may  be  the  soundest  that  it  is  possible  to  develop,  no  mating 
can  ever  be  made  that  can  be  guaranteed  to  produce  outstanding  progeny. 
The  best  that  the  poultry  breeder  can  hope  for  is  to  be  able  to  identify 
sires  and  dams  of  superior  breeding  worth  which  when  mated  can  reason- 
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ably  be  expected  to  produce  progeny  of  outstanding  merit  with  respect  to 
the  characters  for  which  the  flock  is  being  bred. 

Selection  on  Basis  of  Physical  Appearance. — There  are  certain  phys¬ 
ical  characters  the  appearance  of  which  indicates  whether  or  not  a  bird 
is  in  laying  condition.  If  the  comb  and  wattles  are  fully  developed,  bright 
red,  and  waxy  in  appearance,  the  bird  is  probably  laying  heavily;  but 
if  they  are  cold,  dried,  and  shrunken,  the  bird  is  not  laying.  The  small, 
round  vent  of  the  pullet  becomes  enlarged,  oval  in  shape,  and  moist  when 
the  bird  is  in  active  laying  condition.  The  pubic  bones,  two  small  bones 


204  eggs.  69  eggs.  205  eggs.  30  eggs. 

288  eggs.  81  eggs.  263  eggs.  155  eggs. 

Fig.  37. — The  shape  of  the  head  is  not  an  indication  of  laying  ability,  except  that  the 
“beefy”  type  indicates  a  poor  producer  and  an  extremely  narrow  head  is  undesirable. 
( U .  S.  Dept.  Agr.) 

at  the  sides  of  the  vent,  become  spread  apart  when  the  bird  is  in  laying- 
condition,  and  continuous  production  causes  them  to  become  thin  and 
pliable.  The  abdomen,  which  contains  most  of  the  digestive  and  repro¬ 
ductive  organs,  should  be  of  good  size,  and  the  skin  coa  ering  the  abdomen 
should  be  soft  and  pliable,  in  contrast  to  the  thick  and  coarse  skin  often 
observed  in  poor  layers. 

Neither  the  shape  of  the  head  nor  the  shape  of  the  body  is  a  reliable 
indication  of  laying  ability,  although  birds  with  extremely  narrow  oi  \ery 
coarse  and  “ beefy”  types  of  heads  and  bodies  are  usually  poor  layers. 

Selection  on  Basis  of  Physiological  Changes.  C  aieful  observ  ation  has 
shown  that  certain  physiological  changes  take  place  in  the  body  of  the 
bird  as  egg  production  continues.  The  two  physiological  changes  of 
greatest  importance  that  are  useful  in  determining  persistent  layers  are 
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the  bleaching  of  the  yellow  pigment  in  the  skin  of  yellow-skinned  breeds 
and  the  time  and  duration  of  the  first  annual  molt. 

In  all  American  and  other  yellow-skinned  breeds  there  is  usually  an 
abundance  of  yellow  pigment  in  the  beak,  shanks,  toes,  vent,  and  eye  ring 
and  in  the  white  of  the  ear  lobe  of  breeds  having  normally  white  ear  lobes. 


30  eggs.  231  eggs. 

137  eggs.  272  eggs. 

Fig.  38. — The  shape  of  the  body,  as  judged  in  live  birds,  is  not  an  indication  of  laying 
ability,  but  physiological  changes  that  take  place  in  its  body  are  measures  of  performance. 
(U.  S.  Dept.  Agr.) 


When  a  pullet  starts  to  lay,  the  yellow  pigment  of  the  feed,  called  “xan- 
thophyl,”  is  diverted  to  the  yolks  of  the  eggs  instead  of  going  to  the 
beaks,  shanks,  and  other  parts  noted  previously.  As  long  as  egg  produc¬ 
tion  continues,  these  parts  gradually  lose  their  pigment  so  that  they 
become  bleached  in  appearance.  It  follows,  therefore,  that  the  longer  a 
bird  continues  to  lay  the  greater  the  degree  of  bleaching.  The  yellow 
pigment  does  not  return  to  the  beak,  shanks,  and  other  parts  until  pro¬ 
duction  ceases. 
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Yellow  corn  and  green  feed  contain  xanthophyl;  but  if  white  corn  and 
other  feeds  that  do  not  contain  this  yellow  carotinoid  pigment  are  fed,  the 
beaks  and  shanks  may  be  relatively  pale  even  though  the  birds  may  have 
laid  but  few  eggs.  Therefore,  the  selection  of  persistent  layers  on  the 
basis  of  changes  in  pigmentation  should  always  take  into  account  the  kind 
of  feed  given  the  laying  stock. 

When  yellow-skinned  breeds  are  given  feeds  rich  in  the  carotinoid 
pigment  called  xanthophyl,  the  extent  of  the  bleaching  of  the  vent,  beak, 
and  shanks  serves  as  a  very  good  indication  of  previous  egg  production. 

Table  17 . — Average  Annual  Egg  Production  of  Groups  of  White  Leghorn 
Hens  Selected  on  the  Basis  of  Vent,  Beak,  and  Shank  Color 
(Data  of  Blakeslee,  Harris,  Warner,  and  Kirkpatrick,  1917) 


Number  of  birds  and  mean  annual  production 


Color  class 

Vent 

Beak 

Shanks 

Birds 

Produc¬ 

tion 

Birds 

Produc¬ 

tion 

Birds 

Produc¬ 

tion 

Pale  . 

101 

189.5 

114 

184.3 

141 

178.6 

Medium  . 

91 

152.2 

80 

163.3 

104 

160.5 

Yellow . 

183 

136.3 

181 

131.8 

130 

123.4 

Entire  flock . 

375 

154.5 

375 

154.5 

375 

154.5 

The  order  in  which  the  pigment  disappears  from  different  parts  of  the 
bird  is  first  from  the  vent;  then  from  the  eye  ring,  which  is  formed  by  the 
inner  edges  of  the  eyelid;  then  from  the  ear  lobes  of  breeds  having  nor¬ 
mally  white  ear  lobes;  then  from  the  beak,  beginning  at  the  base  and 
extending  toward  the  tip;  and  finally  from  the  shanks,  disappearing  first 
from  the  front  of  the  shank  and  later  from  the  rear.  Under  average 
conditions  a  completely  bleached  beak  indicates  that  the  hen  has  been 
laying  for  4  to  6  weeks,  whereas  completely  bleached  shanks  indicate 
that  the  hen  has  been  laying  for  15  to  20  weeks.  When  laying  ceases,  the 
pigment  reappears  in  the  different  parts  of  the  body  in  the  same  oidei 
in  which  it  disappeared. 

Under  normal  conditions  the  average  laying  bird  usually  undergoes 
her  first  complete  annual  molt  at  the  conclusion  ol  what  is  known  as  hei 
first  year  of  laying.  The  time  and  duration  ol  the  first  annual  molt  aie 
important  points  in  identifying  the  most  persistent  producers.  BinU 
that  molt  early  are  usually  the  poorest  layers,  and,  furthermore,  the  bird 
that  is  a  poor  layer  usually  stops  laying  in  July  and  takes  a  relatively 
long  time  to  complete  her  molt.  Extremely  early  molters  aie  otten  out 
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Good  head.  Poor  head. 

Good  width  between  pelvic  bones.  Poor  width  between  pelvic 

Good  body  capacity.  Poor  body  capacity. 

39. — Three  important  =*eps  in  judging  hens  for  laying  condition  and 

RaJ.it on  Purina. 


bones. 

body  capacity. 
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of  production  from  4  to  6  months  and  usually  do  not  start  their  second 
laying  year  until  December  or  January.  Late  molters,  however,  after  a 
rest  of  2  or  3  months,  also  begin  to  lay  in  December  or  January. 

It  usually  takes  about  6  weeks  for  a  wing  feather  to  grow  out  in  either 
a  low  or  a  high  producer,  but  the  latter  grows  more  feathers  at  a  time, 
thereby  completing  the  molt  more  quickly  than  a  low  producer.  Some 
very  high-producing  hens  take  only  a  4-  or  5-week  rest  period.  Excep¬ 
tionally  persistent  producers  sometimes  have  even  shorter  rest  periods, 
production  continuing  during  August,  September,  October,  and  Novem¬ 
ber.  Hens  of  this  type  usually  begin  to  lay  again  before  the  new  plumage 
is  fully  grown  out.  When  the  hen  is  molting,  the  feathers  on  different 
parts  of  the  body  are  usually  shed  in  the  following  order:  head,  neck, 
breast,  body,  wings,  and  tail.  In  some  individuals  a  few  tail  feathers 
may  be  shed  before  the  wing  feathers.  Shortly  after  the  old  feathers  are 
dropped  the  new  ones  come  in. 

Early-hatched  or  early-maturing  pullets  sometimes  have  a  partial 
molt  in  the  fall  of  the  year  in  which  they  were  hatched,  following  a  short 
period  of  production.  The  neck  and  tail  feathers  and  one  or  two  pri¬ 
maries  (the  stiff  flight  feathers  seen  on  the  outer  part  of  the  wing  when  it 
is  spread  out)  may  be  shed  during  this  molt;  but  the  new  primaries  do  not 
grow  out  to  full  length,  and  there  is  usually  a  break  between  the  old  and 
the  new  ones.  During  this  molting  period  egg  production  usually  stops, 
but  to  avoid  this  period  of  nonproduction,  many  poultrymen  try  to  keep 
their  early  hatched  pullets  from  going  through  a  partial  molt,  although  it 
is  exceedingly  difficult  to  check  the  partial  molt;  it  may  be  avoided,  how¬ 
ever,  by  hatching  at  a  later  date. 

When  the  selection  of  layers  is  made  in  August  or  September,  toward 
the  close  of  the  first  laying  year,  the  condition  of  the  plumage  is  good 
evidence  as  to  whether  or  not  the  birds  are  persistent  producers.  The 
plumage  of  the  persistent  layers  shows  wear  and  tear  from  constant  visits 
to  the  nest.  The  early-molting  birds  will  have  a  growth  of  new  feathers, 
the  webs  of  which  are  glossy  and  bright  in  contrast  to  the  dry,  frayed  webs 
of  the  old  ones.  The  new  quills  are  large,  full,  and  soft,  whereas  the 
quills  of  the  old  feathers  are  small,  hard,  and  almost  transparent.  A 
few  pinfeathers  in  the  neck  may  indicate  a  short  molting  period,  but  when 
shedding  extends  to  the  body  and  wings  the  molt  usually  becomes  a 
complete  one.  A  bird  usually  stops  laying  when  molting  the  wing  feath¬ 
ers  but  may  lay  while  molting  in  other  parts  of  the  body.  If  the  body 
weight  is  maintained,  however,  exceptionally  high-producing  hens  may 
continue  laying  until  the  wing  molt  is  considerably  advanced. 

Ordinarily  it  is  possible  to  estimate  when  the  molt  began  by  counting 
the  primary  feathers  in  the  wing.  The  primary  feathers  are  the  stiff 
flight  feathers  seen  on  the  outer  part  of  the  wing  when  it  is  spread  out. 
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The  secondaries  are  also  large  and  stiff,  but  they  are  found  on  the  inner 
part  of  the  wing  and  close  to  the  body  of  the  bird  when  the  wing  is  folded 
in  its  natural  position.  The  primaries  are  separated  from  the  secondaries 
by  a  much  shorter  feather,  known  as  the  axial  feather,  which  grows  out 
at  the  wing  joint. 


Fig.  40. — A,  a  normal  wing  showing  the  primary  feathers,  1  to  10.  They  are  separated 
from  the  secondary  feathers  (in  dotted  outline)  by  a  short  axial  feather,  X.  B,  the  begin¬ 
ning  of  a  wing  molt.  1  and  2  are  new  feathers  growing  in.  C,  an  8-week  molt.  3  and  4 
are  not  counted  until  fully  grown.  D,  an  instance  (abnormal)  in  which  five  feathers  only 
were  molted.  E,  a  wing  completing  a  normal  molt.  ( Kansas  Agr.  Exp.  Sta.) 


There  are  usually  10  primary  feathers  in  each  wing,  and  when  the 
complete  body  molt  begins  the  first  primary  to  be  dropped  is  the  inner 
one  next  to  the  axial  feather.  In  the  case  of  the  early  molter,  2  weeks 
after  the  first  primary  is  dropped  the  second  one  is  shed,  and  at  2-week 
intervals  each  subsequent  primary  is  shed.  In  order  to  estimate  the  time 
elapsing  since  the  molt  began,  6  weeks  should  be  allowed  for  the  first 
mature  new  primary  feather,  and  2  weeks  for  each  additional  full-grown 
one.  Thus  a  wing  having  four  new  full-grown  primaries  shows  that  the 
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bird  had  been  molting  12  weeks.  If  the  molt  has  just  begun  and  none 
of  the  primaries  is  yet  fully  grown  out,  calculation  must  be  made  on  their 
present  growth.  Approximately  two-thirds  of  this  growth  is  made  during 
the  first  3  weeks,  and  the  other  third  during  the  last  3  weeks.  A  half- 
grown  primary,  therefore,  indicates  about  2  weeks  of  growth. 

Usually  there  is  little  difficulty  in  distinguishing  the  new  primary 
feathers  from  the  old  ones  because  the  new  feathers  are  clean  and  bright 
with  a  soft  quill  and  broad  outline,  whereas  the  old  primaries  are  much 
more  pointed  in  shape  and  are  rather  worn.  The  primaries  of  the  per¬ 
sistent  producer  are  molted  rapidly  and  in  a  manner  similar  to  that  of 
the  body  plumage.  Instead  of  being  renewed  one  at  a  time,  as  in  the  early 
molter,  a  group  of  two  or  more  primaries  of  the  same  length  may  grow 
simultaneously.  When  such  a  condition  exists,  all  the  new  feathers  of 
the  same  length  are  considered  as  one  in  calculating  the  length  of  time 
that  has  elapsed  since  molting  began. 

High-producing  hens  sometimes  do  not  molt  all  their  primary  feathers 
but  continue  to  carry  some  of  the  old  ones  into  the  next  year.  By  growing 
the  primaries  in  groups  of  two  or  more  or  carrying  over  the  old  primaries, 
many  high  producers  materially  shorten  the  time  necessary  to  complete 
their  wing  molt.  It  is  apparent,  therefore,  that  the  time  and  duration 
of  the  molt  serves  as  a  good  criterion  of  persistent  production. 

A  carefully  planned  system  of  selection  based  upon  the  bleaching  of 
the  pigment  of  the  beaks,  shanks,  and  other  parts  of  the  body  and  thor¬ 
ough  observations  on  molting  are  extremely  useful  in  segregating  the 
high  from  the  low  producers  in  any  flock. 

Selection  on  Basis  of  Egg  Records. — With  a  few  outstanding  excep¬ 
tions,  most  of  the  poultry  breeders  in  the  United  States  apparently  attach 
considerable  significance  to  the  first-year  egg  records  of  the  females. 
There  is  a  widespread  belief  that  the  higher  the  first-year  record  of  the 
dam  the  more  eggs  will  her  pullet  progeny  lay.  In  other  words,  it  is 
claimed  that  the  number  of  eggs  a  bird  lays  during  her  first  laying  year  is 
a  criterion  of  her  breeding  worth. 

Data  have  been  obtained  from  different  sources  which  show  that 
actually  the  first-year  production  record  of  a  female  is  only  of  very  limited 
value  in  predicting  her  breeding  worth.  A  true  test  of  the  relationship 
that  normally  exists  between  the  egg  production  of  dams  and  the  egg 
production  of  their  daughters  could  be  made  only  in  the  case  of  dams  not 
selected  on  the  basis  of  first-year  egg-production  records  and  complete 
families  of  daughters,  i.e.,  where  no  culling  of  pullets  were  practiced 
during  the  first  laying  year.  In  so  far  as  is  known,  however,  no  such  data 
exist,  for  the  simple  reason  that  in  practically  all  projects  on  breeding  for 
increased  egg  production,  the  dams  are  selected  to  a  greater  or  lesser 
extent  on  the  basis  of  their  first-year  records. 
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However,  data  are  available  that  show  the  relationship  between  the 
egg  production  of  selected  dams  and  the  egg  production  of  unselected 
daughters,  the  records  of  all  daughters  except  those  that  died  being 
included.  In  Table  18  are  given  data  on  Rhode  Island  Reds  at  the 
National  Agricultural  Research  Center  and  on  White  Leghorns  at  the 
Mount  Hope  Farm.  The  Rhode  Island  Red  dams  were  selected  on 
the  basis  of  having  laid  a  minimum  of  200  eggs  their  first  laying  year, 
whereas  in  the  case  of  the  White  Leghorn  dams  the  minimum  given  in 
Table  18  is  181  eggs. 


Table  18. — The  Average  First-year  Egg  Production  of  the  Daughters  of 
Dams  Classified  According  to  the  Range  in  Egg  Production  of  the 

Dams 


Range  in  egg 
production 
of  dams 

Average  egg  production 
of  daughters 

Range  in  egg 
production 
of  dams 

Average  egg  production 
of  daughters 

R.  I.  Reds 

W.  Leg¬ 
horns1 

R.  I.  Reds 

W.  Leg¬ 
horns1 

181  to  190 

162 

251  to  260 

201 

188 

191  to  200 

... 

157 

261  to  270 

200 

209 

201  to  210 

188 

168 

271  to  280 

197 

188 

211  to  220 

205 

161 

281  to  290 

179 

208 

221  to  230 

192 

173 

291  to  300 

•  .  • 

222 

231  to  240 

192 

176 

301  to  310 

•  •  * 

228 

241  to  250 

199 

169 

311  to  320 

.  .  . 

220 

1  Data  from  an  unpublished  paper  by  H.  D.  Goodale,  1935. 


The  data  in  Table  18  show  no  apparent  relationship  between  the  egg- 
production  of  the  dams  and  that  of  the  daughters  among  the  Rhode  Island 
Reds,  but  they  show  a  slight  relationship  between  the  egg  production  of 
dams  and  that  of  the  daughters  among  the  White  Leghorns. 

It  is  interesting  to  observe  that  the  average  egg  production  of  the 
daughters  of  each  of  the  first  six  groups  of  the  Rhode  Island  Red  dams 
was  considerably  higher  than  the  average  egg  production  of  the  daughters 
of  each  of  the  comparable  groups  of  the  White  Leghorn  dams.  The 
Rhode  Island  Red  data  were  obtained  from  matings  of  yearling  and  older 
hens  made  in  three  consecutive  years,  1928  to  1930,  inclusive,  the  dams 
being  mated  to  males  whose  dams  laid  200  or  more  eggs  during  their  first 
laying  year.  The  White  Leghorn  data  were  obtained  from  pullet  matings 
made  during  the  years  1923  to  1929,  inclusive,  and  the  low-producing 
dams  listed  in  the  table  were  used  mainly  during  the  first  two  or  three 
years.  Moreover,  the  sires  used  each  year  were  selected  on  the  basis  of 
the  records  of  egg  production  made  by  their  sisters  up  to  Feb.  1,  from 
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which  it  may  be  assumed  that  the  males  selected  one  year  were  somewhat 
superior  to  those  selected  the  preceding  year.  The  use  of  sister-tested 
males  should  in  itself  tend  to  increase  the  egg  production  of  the  daughters 
raised  each  succeeding  year,  even  if  the  dams’  records  of  egg  production 
had  been  the  same  for  each  of  the  7  years. 

Even  so,  it  is  apparent  that  the  relationship  between  dam  and  daugh¬ 
ter  egg  production  is  of  a  relatively  low  order.  For  instance,  the  group 
of  White  Leghorn  dams  with  a  range  in  production  of  201  to  210  eggs  had 
daughters  that  averaged  168  eggs,  whereas  the  group  of  White  Leghorn 
dams  with  a  range  in  production  of  271  to  280  eggs  had  daughters  that 
averaged  188  eggs.  The  average  egg  production  of  these  groups  of  dams 
differed  by  approximately  70  eggs,  but  their  daughters’  averages  differed 
by  only  20  eggs.  The  White  Leghorn  data  show,  however,  that  on  the 
average  the  higher  the  egg  production  of  the  dams  the  higher  the  egg 
production  of  the  daughters. 

Those  who  hold  that  the  egg-production  record  of  a  selected  dam  is  an 
index  of  her  breeding  worth  should  examine  carefully  the  source  of  the 
data  on  which  their  belief  is  based.  In  Table  18  it  is  shown  that  the 
White  Leghorn  dams  that  laid  from  201  to  210  eggs  had  daughters  that 
averaged  168  eggs  each  and  that  the  dams  that  laid  from  281  to  290  eggs 
had  daughters  that  averaged  208  eggs  each,  the  difference  in  the  average 
egg  production  of  the  two  groups  of  daughters  being  40  eggs.  On  the 
other  hand,  the  Rhode  Island  Red  dams  that  laid  from  211  to  220  eggs 
had  daughters  that  averaged  205  eggs,  whereas  the  White  Leghorn  dams 
that  laid  from  211  to  220  eggs  had  daughters  that  averaged  161  eggs,  there 
being  a  difference  of  44  eggs  in  the  average  production  of  daughters  that 
came  from  dams  with  the  same  records.  Then,  again,  those  who  claim 
that  the  first-year  record  of  egg  production  of  a  bird  is  a  good  index  of 
her  breeding  worth  would  have  great  difficulty  in  accounting  for  the  fact 
that  the  Rhode  Island  Red  dams  with  a  range  of  201  to  210  eggs  and  the 
White  Leghorn  dams  with  a  range  of  271  to  280  eggs  produced  daughters 
that  had  exactly  the  same  average  egg  production. 

Although  the  selection  of  dams  on  the  basis  of  their  first-year  records 
of  egg  production  is  thoroughly  justified,  the  data  in  Table  18  show  that 
the  production  records  by  and  of  themselves  are  of  very  limited  value. 
Some  poultrymen  have  assumed,  however,  that  if  it  can  be  shown  that  in 
certain  flocks  there  is  a  slight  correlation  between  dam  and  daughter  egg- 
production,  then  it  must  follow  that  in  all  flocks  the  selection  of  breeding 
stock  on  the  basis  of  individual  records  would  rather  quickly  raise  the 
level  of  egg  production.  These  poultrymen  usually  overlook  the  condi¬ 
tions  involved  in  selecting  the  breeding  stock  in  those  flocks  where  a 
dam-daughter  correlation  has  been  shown  to  exist,  and  they  lail  to  realize 
that  these  conditions  do  not  apply  to  the  great  majority  ol  poultry-breed- 
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ing  flocks  throughout  the  country.  Most  poultry  breeders  in  the  United 
States  cull  their  pullet  flocks  rather  closely,  and  many  of  them  use  indi¬ 
vidual  records  of  egg  production  as  the  sole  basis  for  selecting  their  breed¬ 
ing  stock.  While  poultry  breeders  should  be  encouraged  to  select  their 
breeding  stock  on  the  basis  of  production  records,  they  should  be  cau¬ 
tioned  not  to  attach  too  much  significance  to  those  records. 

If  the  first-year  egg-production  records  of  a  female  served  as  an  accu¬ 
rate  index  of  her  breeding  worth,  as  some  have  claimed,  the  problem  of 
breeding  for  increased  egg  production  would  be  comparatively  simple. 
The  data  in  Table  19  show  how  divergent  are  the  results  sometimes 
secured  from  two  groups  of  daughters  produced  by  the  same  dam  mated 
in  different  years  to  the  same  or  to  different  sires.  These  data  were 
obtained  from  the  National  Agricultural  Research  Center,  the  first  five 
dams  in  the  table  being  Rhode  Island  Reds  and  the  second  five  White 
Leghorns.  The  daughters’  averages  given  in  the  table  were  determined 
for  all  daughters  produced  by  each  mating  except  for  birds  that  died. 


Table  19. — The  Average  Egg  Production  of  Each  Group  of  Daughters  of 
Dams  Mated  to  the  Same  and  to  Different  Sires  in  Two  Different  Years 


Dam  No. 

Sire  No. 

Dam’s  pro¬ 
duction 

Average  egg  production 
of  daughters 

1st  year 

2d  year 

1st  year 

2d  year 

R.  I.  Reds: 

6024 . 

176 

176 

212 

217 

189 

6027 . 

176 

176 

206 

178 

222 

6401 . 

334 

334 

233 

214 

184 

5829 . 

325 

338 

246 

189 

241 

6142 . 

351 

368 

242 

182 

220 

W.  Leghorns: 

2786 . 

50 

249 

257 

159 

228 

3472 . 

100 

248 

235 

212 

172 

3728 . 

91 

248 

258 

213 

167 

3845 . 

91 

248 

262 

175 

202 

3287 . 

100 

249 

230 

164 

225 

The  data  in  Table  19  show  that  the  same  dam  when  mated  to  the  same 
sire  may  produce  daughters  in  two  different  years  that  differ  in  average 
egg  production  by  as  much  as  40  eggs.  When  mated  to  different  sires, 
the  daughters  of  the  same  dam  in  successive  years  differ  by  as  much  as 
60  eggs. 

It  is  unfortunate  for  the  poultry-breeding  industry  that  many  poultry 
breeders  attach  so  much  importance  to  individual  records  of  production, 
especially  since  it  has  been  shown  that  progress  in  breeding  for  increased 
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egg  production  is  bound  to  be  achieved  very  slowly  as  long  as  a  record  of 
egg  production  is  the  only  basis  used  in  selecting  the  breeding  stock. 

There  are  several  reasons  why  the  record  of  a  bird’s  egg  production 
may  not  be  nearly  so  significant  in  indicating  her  breeding  worth  as  many 
poultry  breeders  are  inclined  to  believe.  Egg  production  is  a  quantitative 
characteristic  which  is  easily  influenced  by  environmental  conditions  and 
by  the  diet  given  the  laying  stock.  Poorly  balanced  diets,  improper 
methods  of  feeding,  poor  housing  conditions,  sudden  changes  in  tempera¬ 
ture,  internal  and  external  parasites,  and  diseases  of  various  kinds  all 
significantly  decrease  production.  There  may  be  a  vast  difference 
between  the  number  of  eggs  a  bird  actually  lays  and  the  number  she 
might  have  laid  if  she  had  been  kept  under  ideal  conditions.  Rarely  do 
ideal  conditions  prevail,  however,  that  enable  a  bird  to  lay  the  number  of 
eggs  of  which  she  is  potentially  capable. 

Selection  on  Basis  of  Pedigree. — By  pedigree  breeding  in  poultry  is 
meant  the  mating  of  birds  with  pedigrees  and  keeping  account  of  the 
parentage  of  the  chicks  produced  so  that  their  pedigrees  are  a  matter  of 
record.  A  bird’s  ancestry  sometimes  gives  considerable  information  of 
value  regarding  its  probable  worth  as  a  breeder.  Of  two  birds  with  the 
same  first-year  egg-production  records,  the  one  with  a  good  ancestry  is 
to  be  preferred  to  the  one  with  a  poor  ancestry.  The  chances  are  greater 
that  the  former  will  give  better  results  in  breeding  than  the  latter;  the 
chances  are  greater — but  there  is  no  guarantee  that  a  bird  of  good  ances¬ 
try  will  always  produce  good  progeny. 

Although  a  good  pedigree  is  of  importance  in  selecting  breeding  stock, 
there  are  certain  limitations  in  the  application  of  pedigree  selection.  For 
instance,  very  little  significance  can  be  attached  to  the  individual  records 
of  egg  production  of  ancestors  beyond  the  third  generation.  1  hen, 
again,  the  greater  the  variation  in  the  environmental  conditions — includ¬ 
ing  diet,  method  of  housing,  and  the  use  of  artificial  lights  to  which  a 
flock  is  subjected  over  a  period  of  years  the  less  reliance  can  be  placed 
upon  the  ancestors’  records  of  production  in  the  selection  of  progeny  lor 
future  breeding  purposes. 

The  data  in  Table  20,  pertaining  to  Rhode  Island  Reds  and  White 
Leghorns,  show  that  the  higher  the  egg  production  of  the  three  nearest 
female  ancestors  of  both  sire  and  dam  the  higher  is  likely  to  be  the  average 
egg  production  of  their  progeny.  In  the  case  of  each  flock,  the  environ¬ 
mental  conditions  were  kept  as  uniform  as  possible  from  year  to  year. 

Judging  from  the  data  in  Table  20,  it  is  apparent  that  the  selection 
of  breeding  stock  on  the  basis  of  ancestors’  records  ol  production  to  the 
third  generation  is  of  considerable  importance.  As  a  matter  of  tact,  the 
more  information  there  is  in  the  pedigree  concerning  the  records  of  egg 
production  of  the  sisters  of  parents  and  grandparents,  and  the  more 
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information  there  is  concerning  the  breeding  performance  of  parents  and 
grandparents  and  their  relatives,  the  greater  the  value  of  the  pedigree  in 
selecting  breeding  stock. 


Table  20.— The  Average  Egg  Production  of  Daughters  According  to  the 
Range  in  Average  Egg  Production  of  the  Three  Nearest  Female 

Ancestors  of  Both  Sire  and  Dam 


Range  in  average 
egg  production  of 
the  three  nearest 
female  ancesters  of 
both  sire  and  dam 

Average  egg  produc¬ 
tion  of  daughters 

Range  in  average 
egg  production  of 
the  three  nearest 
female  ancestors  of 
both  sire  and  dam 

Average  egg  produc¬ 
tion  of  daughters 

R.  I. 
Reds 

W.  Leg¬ 
horns1 

R.  I. 
Reds 

• 

W.  Leg¬ 
horns1 

209  to  217 

186 

254  to  262 

199 

218  to  226 

197 

180 

263  to  271 

•  ■  • 

213 

227  to  235 

199 

166 

272  to  280 

... 

216 

236  to  244 

205 

176 

281  to  289 

... 

222 

245  to  253 

208 

290  to  298 

210 

1  Data  from  an  unpublished  paper  by  H.  D.  Goodale,  1935. 


Selection  on  Basis  of  Progeny  Test. — The  supreme  test  of  the  worth 
of  a  bird  as  a  breeder  is  the  kind  of  progeny  it  produces.  Thus  in  the  case 
of  a  dam  it  is  not  her  individual  laying  record  that  counts  so  much  as  the 
average  laying  record  of  her  daughters,  which  is  quite  a  different  thing. 
Strangely  enough,  the  first  impetus  given  to  progeny  testing  in  breeding 
for  increased  egg  production  was  the  failure  resulting  from  an  attempt  to 
develop  an  egg-laying  strain  through  the  selection  of  female  breeders 
based  entirely  on  their  first-year  records  of  egg  production.  Apparently, 
the  first  attempt  at  a  state  institution  to  improve  egg  production  through 
selection  was  made  at  the  Maine  Agricultural  Experiment  Station.  The 
work  was  carried  on  many  years  ago  with  Barred  Plymouth  Rocks,  and 
the  records  show  that  over  a  period  of  9  years  the  practice  of  selecting 
female  breeders  on  the  basis  of  their  first-year  trap-nest  records  failed  to 
produce  an  increase  in  the  level  of  egg  production  among  the  pullets 
raised  each  year. 

The  early  work  at  the  Maine  Station,  however,  laid  the  foundation  for 
later  work  which  demonstrated  the  significance  of  the  progeny  test  in 
breeding  for  increased  egg  production.  Further  breeding  work  with 
Barred  Plymouth  Rocks  at  the  Maine  Station  demonstrated  that  by 
selecting  cockerels  and  pullets  for  future  breeding  purposes  each  year 
from  among  the  best  families  of  that  year  a  steady  increase  in  the  level  of 
egg  production  was  achieved.  Cockerels  and  pullets  to  be  used  as  breed¬ 
ers  were  selected  from  among  the  progeny  of  sires  and  dams  that  proved 
to  be  superior  in  breeding  worth  to  other  sires  and  dams.  The  progeny- 
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test  method  of  selecting  breeding  stock  has  been  used  consistently  for  a 
period  of  years  in  the  breeding  of  Rhode  Island  Reds  at  the  Massachusetts 
Agricultural  Experiment  Station,  where  outstanding  results  have  been 
achieved. 

It  is  particularly  important  for  poultry  breeders  to  be  able  to  identify 
sires  of  superior  breeding  worth  because  the  average  sire  has  about  ten 
times  as  many  chicks  as  the  average  dam.  A  practical  way  of  applying 
the  progeny  test  to  sires  without  trap-nesting  either  the  dams  or  their 
daughters  may  be  easily  carried  out.  Separate  breeding  pens  are  main¬ 
tained  in  each  of  which  one  male  is  mated  to  the  usual  quota  of  females. 
The  chicks  from  each  sire  are  banded  at  hatching  time  so  that  the  pullets 
can  be  distinguished  from  the  pullets  secured  from  other  sires.  The 
laying  pullets  from  each  sire  are  placed  in  separate  houses  or  pens,  and 
by  comparing  the  average  egg  production  of  the  pullets  of  each  sire  the 
breeder  is  able  to  determine  which  sires  were  superior  in  breeding  worth. 

The  difference  in  breeding  worth  of  sires  mated  to  trap-nested  Rhode 
Island  Red  dams  having  minimum  first-year  records  of  200  eggs  and 
White  Leghorn  dams  having  minimum  first-year  records  of  225  eggs  is 
shown  in  Table  21.  The  data  were  obtained  from  a  few  of  the  matings 
made  at  the  National  Agricultural  Research  Center.  The  records  of 
egg  production  of  all  daughters  placed  in  the  laying  houses,  except  for 


Table  21. — Average  Egg  Production  of  Daughters  of  Different  Rhode  Island 
Red  Sires  Mated  to  Rhode  Island  Red  Dams  That  Laid  200  or  More 
Eggs  and  of  Different  White  Leghorn  Sires  Mated  to  White 
Leghorn  Dams  That  Laid  225  Eggs  or  More 


Sire  No. 

It.  I.  Reds 

Average 
egg  pro¬ 
duction 
of  sire’s 
mates 

Num¬ 
ber  of 
daugh¬ 
ters 

Average 
egg  pro¬ 
duction 
of  daugh¬ 
ters 

173 

223 

48 

219 

10,105 

242 

49 

216 

334 1 

231 

37 

211 

338 1 

238 

31 

206 

334 1 

242 

32 

205 

330 1 

246 

46 

201 

3301 

250 

38 

195 

200 

243 

52 

193 

CO 

CO 

00 

250 

60 

192 

351 

232 

75 

171 

Sire  No. 

W.  Leghorns 

Average 
egg  pro¬ 
duction 
of  sire’s 
mates 

Num¬ 
ber  of 
daugh¬ 
ters 

Average 
egg  pro¬ 
duction 
of  daugh¬ 
ters 

3 

248 

45 

229 

250 

243 

37 

227 

249 

243 

71 

206 

252 

247 

48 

200 

91 

254 

46 

199 

100 

248 

59 

193 

259 

243 

69 

185 

254 

237 

51 

179 

10,106 

239 

46 

179 

50 

228 

49 

168 

1  These  sires  were  used  in  two  consecutive  breeding  seasons 
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birds  that  died,  were  used  to  compute  the  average  for  each  of  the  different 
groups  of  daughters.  The  mortality  among  Rhode  Island  Red  daughters 
was  9.17,  and  among  the  White  Leghorns  13.26  per  cent.  The  average 
egg  production  of  all  the  Rhode  Island  Red  daughters  was  192.03,  and  of 
all  the  White  Leghorn  daughters  192.85. 

The  data  in  Table  21  make  it  quite  clear  that  certain  sires  were  much 
superior  to  others  from  the  standpoint  of  transmitting  laying  ability  to 
their  daughters.  The  sons  and  daughters  of  sires  173  and  3  are  likely  to 
be  much  better  breeders  than  the  sons  and  daughters  of  sires  351  and  50. 

Some  poultry  breeders  carry  on  progeny-testing  work  on  an  extensive 
scale  and,  from  the  various  matings  made,  retain  either  all  of  the  progeny 
or  a  sufficiently  large  number  to  make  it  possible  to  concentrate  breeding 
work  among  families  that  have  been  developed  from  superior  sires  and 
dams.  The  record  made  of  a  random  sample  of  the  progeny,  of  course, 
gives  the  most  accurate  index  of  the  breeding  worth  of  the  breeder’s 
flock  or  mating.  The  data  in  Table  22  were  obtained  from  two  private 
poultry  breeders  who  practiced  no  culling  of  the  progeny  of  different 
sires. 


Table  22. — The  Average  Egg  Production  of  Daughters  of  Different  Sires 

Used  in  Two  Private  Breeding  Flocks 


Poultry 

breeder 

Variety 

Sire  No. 

Average  egg 
production  of 
sire’s  mates 

No.  of 
daughters 

Average  egg 
production  of 
daughters 

.  G10 

264 

76 

219 

/  G8 

276 

84 

218 

\  G4 

262 

80 

209 

A 

W.  Leghorns 

/  G7 

261 

135 

198 

)  G6 

276 

108 

191 

(  G2 

274 

105 

166 

'  Gil 

285 

114 

163 

/  1 

283 

130 

243 

\  2 

289 

39 

240 

/  W.  Leghorns 

)  3 

259 

55 

228 

1 

(  4 

273 

18 

169 

) 

'  5 

255 

33 

152 

B 

/  1 

252 

57 

242 

1 

2 

277 

104 

235 

\  R.  I.  Reds 

3 

268 

26 

234 

4 

237 

39 

168 

l  5 

270 

28 

165 

Poultry  breeder  A  knows  full  well  that  sire  G10,  whose  mates’  average 
was  264  eggs  and  whose  daughters’  average  was  219  eggs,  is  greatly 
superior  in  breeding  worth  to  sire  Gil,  whose  mates’  average  was  285 
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eggs  and  whose  daughters’  average  was  163  eggs.  Likewise,  B ,  with  his 
White  Leghorns,  would  pick  sire  1,  whose  mates  and  daughters  averaged 
283  and  243  eggs,  respectively,  over  sire  5,  whose  mates  and  daughters 
averaged  255  and  152,  respectively.  B’s  Rhode  Island  Red  sire  1  was 
mated  to  females  that  averaged  252  eggs,  and  his  daughters  averaged 
242  eggs;  whereas  sire  5,  although  mated  to  females  that  averaged  270 
eggs,  had  daughters  that  averaged  only  165  eggs. 

Although  it  has  been  pointed  out  previously  that  the  ability  to  identify 
and  make  use  of  sires  of  superior  breeding  worth  is  of  paramount  impor¬ 
tance  in  raising  the  level  of  egg  production  of  the  flocks  of  the  country, 
nevertheless  it  is  highly  important  to  be  able  to  identify  a  female  of 
superior  breeding  worth,  if  for  no  other  reason  than  to  produce  more 
superior  males.  Two  private  poultry  breeders  have  submitted  data 
giving  the  average  egg  production  of  the  daughters  of  a  few  of  the  dams 
they  have  used.  The  data  of  A  and  B,  given  in  Table  23,  for  White 
Leghorns  and  Barred  Plymouth  Rocks,  respectively,  are  sufficient  to 
show  what  can  be  accomplished. 


Table  23. — Average  Egg  Production  of  Daughters  of  Different  Dams  of 

Outstanding  Breeding  Worth 


Breeder  and  variety 

Dam  No. 

Dam’s  pro¬ 
duction 

No.  of 
daughters 

Average 
egg  pro¬ 
duction  of 
daughters 

Y3081 

299 

23 

243 

Y4171 

260 

39 

253 

Y10951 

273 

39 

246 

A27111 

278 

42 

234 

A,  White  Leghorns . 

A31311 

267 

25 

248 

B2681 

276 

27 

238 

0401 

275 

15 

255 

G2235 

281 

8 

278 

P262 

284 

5 

269 

P2494 

270 

9 

252 

G7121 

314 

28 

230 

K33916 

312 

19 

203 

3232 

258 

8 

223 

3392 

254 

8 

234 

3846 

215 

18 

215 

B,  Barred  Plymouth  Rocks . 

981 

296 

7 

201 

984 

214 

8 

228 

994 

234 

11 

186 

2731 

280 

11 

251 

3779 

224 

10 

216 

1  These  birds  were  used  2  years  or  more. 
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Even  though  some  of  the  daughters  of  the  different  White  Leghorn 
dams  listed  in  Table  23  were  culled  during  their  first  laying  year,  it  is 
apparent  that  all  of  the  dams  are  birds  of  considerable  merit  as  deter¬ 
mined  by  the  progeny  test.  There  was  practically  no  culling  in  the  case 
of  the  Barred  Plymouth  Rock  groups  of  daughters. 

It  might  be  well  to  mention  here  that  the  most  progressive  breeders 
use  every  means  available  to  identify  superior  sires  and  dams  in  their 
flocks.  Among  other  things,  in  addition  to  the  kind  of  progeny  produced 
by  different  sires  and  dams,  the  production  records  of  their  sisters  are 
usually  taken  into  consideration.  For  instance,  A’ s  White  Leghorn  dam 
A2711  had  11  sisters  that  averaged  240  eggs;  dam  A3 131  had  12  sisters 
that  averaged  256  eggs;  dam  G2235  had  12  sisters  that  averaged  255  eggs; 
dam  P262  had  10  sisters  that  averaged  240  eggs.  B's  Barred  Plymouth 
Rock  dam  3232  had  18  sisters  that  averaged  200  eggs;  and  dam  3779  had 
12  sisters  that  averaged  219  eggs. 

Then,  again,  many  poultry  breeders  give  considerable  weight  to 
pedigree  in  selecting  their  breeding  stock.  Such  breeders  should  always 
remember,  however,  that  certain  things  that  the  breeder  may  practice 
tend  to  lessen  the  value  of  the  pedigree.  As  already  pointed  out,  the 
greater  the  extent  to  which  the  diet  and  environmental  factors  governing 
egg  production  have  been  changed  from  year  to  year,  the  less  significant 
are  the  records  of  egg  production  of  the  birds  appearing  in  the  pedigree 
of  an  individual.  Again,  it  should  always  be  kept  in  mind  that  the 
greater  the  extent  to  which  culling  was  practiced  in  previous  years,  the 
less  the  value  of  the  records  of  the  birds  that  were  retained  and  appear 
in  the  pedigree. 

It  is  apparent,  therefore,  that  even  under  the  best  circumstances 
there  are  a  number  of  handicaps,  to  say  nothing  of  the  expense  involved, 
under  which  the  average  poultry  breeder  must  labor  in  his  efforts  to  select 
sires  and  dams  of  superior  breeding  worth.  Then,  again,  since  the 
chicken  is  a  relatively  short-lived  creature,  and  since  sires  and  dams  may 
be  3  or  4  years  old  by  the  time  they  have  been  proved  to  be  of  superior 
breeding  worth  by  the  progeny  test,  it  is  apparent  that  if  their  “ blood" 
is  to  be  perpetuated,  their  sons  and  daughters  must  be  used  for  future 
breeding  purposes.  The  use  of  these  sons  and  daughters  is  sound  breed¬ 
ing  practice  because  they  have  a  far  greater  chance  of  being  superior 
breeders  than  the  sons  and  daughters  of  unproved  sires  and  dams. 

A  Sound  Selection  and  Breeding  Program. — It  is  all  too  true  that 
many  poultry  breeders  have  been  earning  on  their  breeding  operations 
for  years  without  having  the  slightest  knowledge  of  the  various  egg- 
production  characteristics  their  birds  possess.  On  the  other  hand,  the 
more  progressive  breeders,  by  their  system  of  carefully  tabulated  records 
for  individual  birds  and  for  the  results  secured  from  various  matings,  are 
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well  fortified  with  specific  information  that  makes  possible  intelligent 
selection  of  males  and  females  for  future  breeding  purposes. 

Poultry  breeders  have  found  that  the  observations  made  in  the  breed¬ 
ing  of  Rhode  Island  Reds  during  the  last  30  years  at  the  Massachusetts 
Agricultural  Experiment  Station  have  been  of  great  help  in  deciding  which 
birds  to  select  as  breeders.  The  station  has  made  important  contribu¬ 
tions  to  the  knowledge  of  the  mode  of  inheritance  of  various  charac¬ 
teristics  of  economic  importance  in  poultry.  Among  other  things,  it  has 
been  observed  that  there  are  five  principal  characteristics  that  determine 
the  number  of  eggs  a  bird  lays  during  her  first  laying  year. 

Briefly,  in  order  to  lay  well,  a  pullet  should  possess  the  five  following 
characteristics:  (1)  early  sexual  maturity,  (2)  good  rate  of  laying,  (3)  non- 
broodiness,  (4)  absence  of  winter  pause,  and  (5)  persistence  of  production. 

Numerous  poultry  breeders  and  workers  at  some  of  the  state  experi¬ 
ment  stations  take  these  five  characteristics  into  consideration  in 
the  selection  of  layers  to  be  used  as  future  breeders.  An  analysis  of  the 
egg-production  records  of  Rhode  Island  Reds  and  White  Leghorns  at  the 
National  Agricultural  Research  Center  shows,  however,  that  in  these 
flocks  winter  pause  has  not  been  of  great  importance. 

By  sexual  maturity  is  meant  the  age  of  the  bird  in  days  at  the  time 
she  begins  laying.  Rate  of  laying  is  determined  by  figuring,  on  a  percent¬ 
age  basis,  the  number  of  eggs  laid  from  the  date  of  the  first  egg  to  a  given 
date  in  relation  to  the  total  number  of  days  involved;  or  rate  may  be 
determined  on  the  basis  of  average  size  of  the  winter  clutch.  A  clutch 
is  the  number  of  eggs  laid  during  successive  days  without  any  intervening 
days  of  no  production.  Broodiness  is  a  simple  characteristic  to  deter¬ 
mine;  the  number  of  times  a  bird  goes  broody  and  the  length  of  time  she 
is  broody  are  usually  taken  into  consideration,  or  the  percentage  of  birds 
in  the  flock  that  go  broody  is  considered.  Persistence  of  production 
simply  means  that  the  pullet  continues  laying  well  toward  the  close  of 
her  first  laying  year,  which  is  365  days  from  the  date  of  the  first  egg. 

If  a  White  Leghorn  or  Rhode  Island  Red  pullet  is  to  lay  approximately 
200  eggs  during  her  first  laying  year,  the  White  Leghorn  should  start 
laying  at  about  170  or  180  days  of  age,  and  the  Rhode  Island  Red  at  about 
190  or  200  days.  Pullets  of  both  breeds  should  lay  at  about  the  rate  of 
60  per  cent,  or  at  least  4  eggs  per  clutch.  There  should  be  practically  no 
broodiness.  They  should  lay  approximately  25  eggs  during  August  and 
September  of  the  year  following  that  in  which  they  were  hatched. 

Each  of  these  characteristics  can  be  developed  in  a  flock  by  the  adop¬ 
tion  of  a  sound  breeding  program.  The  results  obtained  with  the  Massa¬ 
chusetts  Rhode  Island  Reds  show  what  can  be  accomplished  (Table  24). 

Since  many  poultrymen  who  keep  Plymouth  Rocks,  Rhode  Island 
Reds,  Wyandottes,  and  similar  breeds  often  experience  difficulty  in 
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Table  24. — Increase  in  Level  of  Egg  Production  with  Improvement  in  Four 
Characteristics  in  Rhode  Island  Reds  at  the  Massachusetts 
Agricultural  Experiment  Station 


(Hays,  19366) 


Year 

Pullets 

Sexual 

maturity, 

days 

Rate  of 
laying1 

Non- 

broodiness, 
per  cent 

Persist¬ 
ence,  days 

Average 
egg  pro¬ 
duction 

1920 

162 

200 

2.7 

54 

331 

200 

1921 

440 

211 

3.3 

55 

304 

198 

1922 

565 

197 

2.7 

71 

322 

200 

1923 

472 

209 

2.4 

73 

323 

189 

1924 

422 

196 

2.5 

67 

327- 

196 

1925 

553 

192 

3.1 

58 

330 

205 

1926 

479 

199 

2.7 

81 

331 

205 

1927 

551 

185 

3.5 

90 

321 

197 

1928 

560 

196 

3.4 

72 

335 

215 

1929 

507 

197 

3.1 

87 

330 

208 

1930 

461 

191 

3.7 

78 

340 

214 

1931 

462 

189 

3.8 

84 

344 

234 

1932 

377 

202 

3.3 

88 

338 

222 

1933 

504 

194 

3.3 

95 

342 

214 

1  Average  number  of  eggs  per  clutch. 


eliminating  broodiness  from  their  flocks,  it  is  interesting  to  note  that  the 
number  of  birds  in  a  flock  that  go  broody,  as  well  as  the  length  of  time 
they  spend  in  being  broody,  can  be  materially  reduced  if  every  time  a 
hen  goes  broody  she  is  banded  with  a  celluloid  band  and  is  never  used  as  a 
breeder.  From  the  practical  standpoint,  the  broody  hen  should  be 
“broken  up”  as  quickly  as  possible,  but  she  should  always  be  banded  so 
that  at  the  end  of  the  season  she  will  not  be  kept  for  breeding  purposes  the 
next  year.  The  economic  importance  of  reducing  broodiness  is  shown 
by  the  difference  in  egg  production  between  Rhode  Island  Reds  that  went 
broody  and  those  that  showed  no  broodiness,  in  flocks  kept  at  the  National 
Agricultural  Research  Center.  The  birds  that  went  broody  once  or 
oftener  during  the  year  averaged  180  eggs,  while  those  that  did  not  go 
broody  averaged  205  eggs. 

Now  that  a  sound  program  of  selection  has  been  outlined,  all  that 
remains  is  to  outline  a  breeding  program  to  accompany  the  selection 
program.  It  has  been  pointed  out  in  previous  sections  of  this  chapter 
that  the  greatest  progress  in  developing  high-laying  strains  is  possible 
only  when  the  progeny  test  is  applied.  The  first  step,  therefore,  in  the 
breeding  program  is  to  determine  which  of  the  different  male  birds  used 
proved  to  be  the  best  breeders.  The  female  progeny  of  one  male  should 
be  compared  with  the  female  progeny  of  each  of  the  other  males  on  the 
basis  of  the  four  factors  of  major  importance:  sexual  maturity,  rate  of 
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laying,  nonbroodiness,  and  persistence  of  production.  Having  deter¬ 
mined  which  males  proved  to  be  of  superior  breeding  worth,  the  breeder’s 
next  step  is  to  compare  the  female  progeny  of  each  of  the  hens  to  which  a 
superior  male  was  mated. 

The  breeding  program  should  be  based  on  the  selection  of  outstanding 
families.  Sires  and  dams  that  have  proved  to  be  of  outstanding  breeding 
worth  should  be  used  for  as  many  years  as  possible.  Also,  their  progeny 
should  be  given  preference  when  the  tune  comes  to  select  future  breeders. 
Since  the  average  sire  and  dam  are  relatively  short-lived  creatures,  how¬ 
ever,  it  is  necessary  to  adopt  the  best  system  possible  in  the  selection  of 
younger  birds  for  breeding  purposes,  especially  cockerels.  For  this 


Fig.  42. — The  decline  in  egg  production  with  age  in  the  domestic  fowl.  The  smooth 
line  represents  the  computed  values;  the  crosses  represent  the  observed  values.  The 
observed  values  during  the  seventh  and  eighth  years  are  not  reliable  owing  to  the  small 
number  of  individuals  represented  in  the  averages.  ( Brody ,  Henderson,  and  Kempster.) 

purpose,  it  is  necessary  to  determine  which  family  of  full  sisters  is  giving 
the  best  performance  during  the  fall  and  early  winter  from  the  standpoint 
of  early  sexual  maturity  and  rate  of  laying,  because  the  cockerels  must  be 
selected  about  the  first  of  the  year.  Cockerels  for  future  breeding  pur¬ 
poses  should  be  chosen  from  the  families  in  which  the  full  sisters  are 
outstanding. 

There  are  other  factors  than  those  pertaining  to  egg  production  that 
should  be  taken  into  consideration  in  the  selection  of  birds  for  breeding 
purposes.  Those  of  economic  importance  include  size  of  egg,  shell 
color  and  texture,  and  interior  quality.  The  importance  of  these  factors 
in  developing  a  breeding  program  is  discussed  subsequently. 

Importance  of  Long-time  Production. — Although  it  has  been  demon¬ 
strated  that  in  the  case  of  most  birds  there  is  a  decline  in  second-year 
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egg  production  as  compared  with  first-year  egg  production  and  a  decline 
in  third-year  egg  production  as  compared  with  second-year  egg  produc¬ 
tion,  nevertheless  it  has  also  been  demonstrated  that  there  is  a  sensible 
correlation  between  first-  and  second-year  egg-production  records.  In 
other  words,  pullets  that  lay  better  than  others  the  first  year  are  also 
inclined  to  lay  better  the  second  year. 

Under  ordinary  circumstances  the  decline  in  second-year  egg  produc¬ 
tion  as  compared  with  first-year  egg  production  amounts  to  about  20  per 
cent.  In  other  words,  a  first-year  record  of  200  eggs  is  apt  to  be  followed 
by  a  second-year  record  of  about  160  eggs.  Birds  that  lay  well  over  a 
period  of  years  and  have  proved  to  be  good  breeders  as  yearlings  and 
two-year  old  birds  should  be  used  as  breeders  for  as  many  years  as  possi¬ 
ble,  and  their  progeny  should  be  selected  for  future  breeding  purposes. 


Fig.  43. — Showing  the  average  egg  weight  per  month  in  eggs  laid  by  Rhode  Island  Red 
pullets,  segregated  according  to  the  month  that  laying  commenced.  Maximum  monthly 
egg  weight  was  attained  in  February  regardless  of  the  month  that  laying  commenced 
except  for  birds  that  continued  laying  until  September  and  October.  {Funk  and  Kempster, 
1934.) 

BREEDING  FOR  GOOD  EGG  SIZE,  COLOR  AND  TEXTURE  OF  SHELL,  AND 

INTERIOR  QUALITY 

The  number  of  eggs  laid  is  not  the  only  criterion  for  determining  the 
breeding  worth  of  sires  and  dams.  There  are  four  other  characteristics, 
of  interest  to  consumers  as  well  as  producers,  that  should  be  taken  into 
consideration  in  the  development  of  breeding  stock  that  will  best  meet 
the  needs  of  the  poultry  industry.  Housewives  want  for  cooking  and 
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baking  purposes  eggs  that  have  the  following  four  qualities:  (1)  good 
size,  (2)  uniform  shell  color,  (3)  sound  shell  texture,  (4)  good  interior 
quality. 

Selecting  for  Egg  Size. — Egg  size  and  egg  weight  are  synonymous 
terms  in  so  far  as  new-laid  eggs  are  concerned;  the  larger  the  size  the 
heavier  the  egg.  In  any  given  flock  of  pullets  the  size  of  egg  is  apt  to 
vary  a  great  deal  because  usually  the  smaller  the  bird  the  smaller  the 
size  of  egg  she  is  inclined  to  lay,  and  the  earlier  in  life  she  begins  laying 
usually  the  smaller  the  first  eggs  she  lays.  Also,  in  any  given  flock  of 
pullets  egg  size  tends  to  increase  from  the  time  that  laying  begins  up  to 
and  including  the  month  of  February;  it  is  extremely  interesting  to  note 
that  in  the  case  of  several  different  flocks  including  different  breeds  in 
different  parts  of  the  country  maximum  egg  size  during  the  first  laying 
year  has  been  obtained  in  the  month  of  February.  Moreover,  it  is  also 
interesting  to  note  that  February  is  usually  the  month  that  maximum 
first-year  egg  size  is  obtained  regardless  of  the  age  at  sexual  maturity  or 
age  in  days  that  laying  commenced. 

Table  25. — The  Average  Weight  of  the  First  10  Eggs  Laid  and  the  Average 
Weight  of  All  Eggs  Laid  from  October  to  June,  Respectively,  in 
Relation  to  the  Body  Weight  at  Start  of  Laying,  in  White 

Plymouth  Rocks 
(Funk  and  Kempster,  1934) 


Body  weight  at 
first  egg, 
pounds 

No.  of  birds 

Average  weight 
of  first  10  eggs, 
grams1 

Average  egg 
weight  October 
to  June,  grams1 

Maximum 
monthly  egg 
weight,  grams1 

3 . 6-4 . 5 

21 

47.8 

54.9 

56.8 

4 . 6-5 . 5 

44 

52.4 

55.2 

57.5 

5 . 6-6 . 5 

49 

54.8 

56.6 

58.4 

6 . 6-7 . 5 

8 

58.3 

59.7 

61.2 

1  A  2-oz.  egg  weighs  56.7  g. 


One  apparent  reason  why  pullets  that  begin  to  lay  relatively  early 
in  life  tend  to  lay  smaller  eggs  than  pullets  that  begin  later  in  life 
is  because  usually  the  earlier  in  life  that  laying  starts  the  smaller  the 
body  size. 

Then  again,  pullets  that  have  the  smallest  body  weight  throughout 
their  first  laying  year  tend  to  lay  the  smallest  eggs. 

It  is  apparent,  therefore,  that  the  body  weight  of  the  pullets  has,  on 
the  average,  a  direct  bearing  on  the  size  of  egg  laid.  This  becomes  clear 
when  it  is  realized  that  most  pullets  increase  in  body  size  up  to  and  includ¬ 
ing  February,  during  which  time  the  size  of  egg  laid  has  also  been  shown 
to  increase.  After  February  of  the  first  laying  year  both  body  weight 
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Table  26. — Average  Weight  of  First  10  Eggs  Laid  and  Average  Weight  of 
All  Eggs  Laid  from  October  to  June,  Respectively,  in  Relation  to 
the  Average  Body  Weight  from  October  to  June,  in  White 

Plymouth  Rocks 
(Funk  and  Kempster,  1934) 


Average  body 
weight,  pounds 

No. 

birds 

Average  weight  of 
first  10  eggs, 
grams1 

Average  egg 
weight  October  to 
June,  grams1 

Maximum 
monthly  egg 
weight,  grams1 

3 . 6  to  4 . 5 

10 

49.3 

52.7 

54.5 

4.6  to  5.5 

65 

52.2 

55.4 

57.9 

5 . 6  to  6 . 5 

40 

54.5 

56.8 

58.9 

6 . 6  to  7 . 5 

7 

56.7 

58.7 

60.7 

1  A  2-oz.  egg  weighs  56.7  g. 


and  egg  size  tend  to  decrease,  the  latter  especially  during  the  hot  summer 
months.  During  the  fall  or  winter  months,  as  the  birds  are  entering  their 
second  year  of  production,  egg  size  tends  to  increase  up  to  and  including 
approximately  the  month  of  February.  The  mean  size  of  eggs  laid  during 
the  second  year  is  usually  somewhat  larger  than  the  mean  size  of  eggs  laid 
during  the  first  year. 

The  problem  of  maintaining  good  egg  size  seems  to  be  largely  a  prob¬ 
lem  of  maintaining  good  body  size,  although  there  are  other  matters  to  be 
considered.  It  has  been  shown,  for  instance,  that  egg  size  tends  to 
decrease  as  the  number  of  eggs  in  a  clutch  increases  but  not  proportion¬ 
ately  so ;  in  other  words,  there  is  approximately  the  same  absolute  decrease 
in  egg  size  between  the  sixth  and  first  eggs  in  a  6-egg  clutch  as  between  the 
•  second  and  first  eggs  in  a  2-egg  clutch.  But  a  2-egg-clutch  hen  is 
inclined  to  be  a  much  poorer  layer  than  a  6-egg-clutch  hen,  and  the  2-egg- 
clutch  hen  is  inclined  to  lay  larger  eggs  on  the  average  than  a  6-egg-clutch 
hen.  A  2-egg-clutch  hen  starts  laying  later  in  life  than  the  6-egg-clutch 
hen  so  that  the  problem  of  the  poultry  breeder  is  to  develop  a  high  laying 
strain  of  birds  that  have  good  body  size  when  they  begin  laying.  This 
should  be  accomplished  by  the  progeny  test  in  the  same  way  as  applied 
in  developing  high  egg  production.  In  order  to  determine  the  average 
size  of  egg  laid  by  a  bird  during  her  first  laying  year,  the  weighing  of  eggs 
may  be  done  on  a  given  day  each  week  throughout  the  bird’s  first  laying 
year,  or  the  weighing  may  be  done  on  4  consecutive  days  of  each  month 
of  the  first  laying  year,  or  the  first  10  eggs  laid  by  each  bird  during  her 
fifth  month  of  laying  may  be  weighed. 

A  desirable  goal  would  seem  to  be  to  have  Leghorn  pullets  weighing 
at  least  3  lb.,  Rhode  Island  Red  and  Wyandotte  pullets  at  least  4 K  lb., 
and  Plymouth  Rocks  at  least  5K  lb.  when  they  start  laying  in  order  to 
obtain  an  egg  size  approximating  24  oz.  per  dozen  lor  the  average  egg  size 
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of  the  first-year  production.  Good  egg  size  and  good  egg  production  can 
be  combined  in  the  same  strain  provided  proper  selection  of  the  breeding 
stock  on  the  progeny-test  basis  is  followed.  In  the  development  of  a 
sound  breeding  program  it  is  particularly  important  to  select  male  breed¬ 
ers  from  among  the  families  of  high  producers  that  lay  eggs  of  good  size. 

Selecting  for  Shell  Color  and  Texture. — The  problem  of  securing 
uniformity  of  shell  color  is  of  greater  importance  in  White  Leghorns  and 
other  “ white-egg”  breeds  than  in  “ brown-egg”  breeds.  The  average 
housewife  has  less  objection  to  varying  shades  of  brown  in  a  dozen  brown 
eggs  than  to  a  few  tinted  eggs  in  a  dozen  white  ones.  In  some  flocks  of 
white-egg  breeds  quite  a  few  of  the  birds  may  lay  tinted  eggs.  By  trap¬ 
nesting,  these  offenders  can  be  identified  and  eliminated  from  the  flock. 
But  that  is  not  enough ;  the  poultry  breeder  should  go  through  his  records 
and  identify  the  sire  and  dam  of  the  pullets  laying  the  tinted  eggs  and 
not  only  remove  the  sire  and  dam  from  the  breeding  pen  but  avoid  using 
any  of  their  progeny  as  breeders.  This  is  just  one  example  of  applying 
the  progeny  test  in  changing  the  breeding  qualities  of  a  strain  of  fowls. 

Very  little  is  known  concerning  the  inheritance  of  shell  texture,  and 
for  the  most  part,  provided  the  diet  is  satisfactory,  most  flocks  lay  eggs 
that  are  reasonably  sound  in  that  respect.  In  case  a  number  of  birds  in  a 
flock  are  found  to  produce  eggs  with  thin  shells,  resulting  in  excessive 
breakage,  offenders  should  be  located,  and  they,  and  all  closely  related 
birds  likely  to  transmit  the  defect,  should  be  removed  from  the  flock. 

Selecting  for  Interior  Quality. — Since  the  percentage  of  thick  white  of 
the  total  white  in  eggs  has  been  shown  to  be  an  inherited  characteristic,  it 
is  apparent  that  by  the  adoption  of  a  system  of  selecting  breeding  stock 
on  the  family  basis  it  should  be  possible  to  develop  a  strain  of  birds  noted 
for  its  ability  to  lay  eggs  having  a  high  per  cent  thick  white  of  total  egg 
white. 


THE  RESPONSIBILITY  OF  THE  POULTRY  BREEDER 

It  may  be  taken  for  granted  that,  for  the  most  part,  superior  breeding- 
stock  can  be  developed  only  by  a  class  of  superior  poultry  breeders.  In 
fact,  the  greatest  need  of  the  poultry  industry  is  greatly  increased  num¬ 
bers  of  poultry  breeders  who  not  only  know  how  to  raise  and  manage 
chickens  properly  but  have  a  sound  knowledge  of  the  more  fundamental 
problems  involved  in  the  selection  and  mating  of  breeding  stock.  Supe¬ 
rior  breeding  stock  can  be  developed  only  through  the  adoption  of  a 
sound  breeding  program. 

It  must  be  a  balanced  program,  combining  high  egg  production,  good 
rate  of  growth,  good  body  size  for  the  breed,  efficient  flesh  production,  eggs 
of  good  size  and  desirable  interior  quality,  good  fertility  and  hatchability, 
and  low  chick  and  pullet  mortality.  To  accomplish  these  things  with 


BREEDING  PRACTICE 


127 


any  degree  of  success  is  a  formidable  task.  Since  inheritance  plays  such 
an  important  role  in  the  development  of  these  numerous  characteristics, 
it  becomes  apparent  that  numerous  matings  are  necessary,  and  the  largest 
possible  number  of  progeny  should  be  kept  to  provide  for  the  wisest 
selection  of  the  most  superior  sons  and  daughters  of  the  most  superior 
sires  and  dams. 

Poultry  breeders  must  learn  that  the  best  breeders  cannot  be  selected 
from  their  external  appearance  alone;  it  is  the  genes  that  count.  For 
instance,  the  White  Leghorn  has  white  plumage  because  it  carries  a  gene 
that  prohibits  the  development  of  pigment.  But  the  White  Leghorn 
also  carries  the  sex-linked  gene  for  barring,  as  certain  crosses  have  demon¬ 
strated.  Now,  the  average  White  Leghorn  breeder  would  not  suspect  the 
presence  of  the  sex-linked  gene  for  barring  in  his  stock,  but  it  is  there  just 
the  same.  Then,  again,  the  White  Plymouth  Rock  carries  a  gene  for  the 
extension  of  black  pigment  to  all  parts  of  its  plumage,  but  the  bird  is 
white  because  it  lacks  a  certain  gene  for  the  production  of  pigment.  And 
so  it  is  with  all  breeds  and  varieties;  there  is  “more  than  meets  the  eye” 
in  determining  how  a  bird  will  breed.  Breeding  tests  tell  the  tale. 

The  poultry  breeder  should  know  how  to  measure  the  results  that  he 
secures.  Of  course,  he  knows  how  to  count  and  weigh  eggs  and  weigh 
birds,  but  he  must  be  able  to  do  much  more  than  that  in  order  to  make  the 
most  progress.  It  is  the  average  results  that  are  secured  from  large 
families  obtained  from  each  mating  that  serve  as  the  best  measure  in 
selecting  superior  sires  and  dams.  Moreover,  the  breeding  stock  and 
their  progeny  should  be  kept  under  as  uniform  conditions  as  possible  from 
year  to  year. 

The  production  record,  the  pedigree,  the  sisters’  records,  and  the  prog¬ 
eny  test  provide  four  means  of  identifying  the  dam  of  superior  breeding 
worth.  A  superior  sire  is  identified  by  the  production  record  of  his  dam, 
his  own  pedigree,  the  average  egg  production  of  his  full  sisters,  and  the 
kind  of  progeny  he  produces.  It  can  be  said  with  a  reasonable  degree  ol 
certainty  that  in  the  present  state  of  the  poultry-breeding  industry  of  the 
United  States,  the  selection  of  breeding  stock  on  the  basis  of  the  progeny 
test  is  by  far  the  most  important  step  in  the  development  of  a  balanced 
breeding  program. 

Future  progress  in  poultry-breeding  work  will  depend  on  the  kind  ol 
poultry  breeders  that  carry  on  the  work.  The  chicken  presents  the 
possibilities;  upon  the  poultry  breeders  rest  the  responsibilities. 
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CHAPTER  V 

INCUBATION  PRINCIPLES  AND  PRACTICE 


The  reproduction  of  flocks  from  year  to  year  for  the  purpose  of  replac¬ 
ing  birds  that  have  died  or  have  been  marketed  after  having  passed  their 
stage  of  usefulness  has  become  a  very  much  mechanized  procedure  as 
compared  with  the  early  days  of  American  poultry  culture.  In  the  early 
days  a  few  broody  hens  on  each  farm  performed  the  work  of  incubating 
the  eggs  necessary  to  replenish  the  farm  flock.  With  the  commercial 
development  of  the  poultry  industry,  including  the  production  of  several 
million  broilers  each  year  and  the  expansion  of  many  egg-laying  flocks 
containing  several  thousand  birds  each,  the  broody  hen  has  been  almost 
entirely  crowded  out  of  the  picture  by  the  modern  incubator,  which 
provides  for  the  incubation  of  eggs  by  the  million. 

Despite  the  fact  that  the  broody  hen  is  more  efficient,  on  the  average, 
than  the  incubator  from  the  standpoint  of  the  number  of  chicks  hatched 
from  a  given  number  of  fertile  eggs  set,  the  incubation  of  eggs  by  artificial 
means  became  a  necessity  in  order  to  supply  the  country  with  its  enor¬ 
mous  annual  crop  of  chicks.  Moreover,  incubators  have  been  improved 
upon  very  materially  during  recent  years,  although  only  about  70  per 
cent  of  the  eggs  that  are  set  hatch  into  good  chicks.  In  other  words,  out 
of  every  100  eggs  set,  approximately  30  fail  to  hatch,  owing  to  infertility, 
lack  of  hatching  quality,  or  faulty  methods  of  incubation.  The  funda¬ 
mental  principles  of  successful  artificial  incubation  are  of  the  utmost 
importance,  therefore,  if  the  flocks  are  to  be  reproduced  most  efficiently. 

The  Length  of  the  Incubation  Period. — The  normal  incubation  period 
of  the  egg  of  the  chicken  is  approximately  21  days,  although  chicks  of  the 
Leghorn  and  similar  breeds  usually  hatch  a  few  hours  earlier  than  chicks 
of  the  heavier  breeds,  such  as  Plymouth  Rock  and  Rhode  Island  Red, 
when  the  conditions  of  incubation  for  the  eggs  of  the  different  breeds  are 
identical. 

In  any  given  flock  the  largest  eggs  usually  require  a  longer  period  of 
incubation  than  the  smallest  ones.  The  longer  that  hatching  eggs  are 
stored  at  room  temperature  before  being  incubated  the  longer  is  the  time 
usually  required  for  incubation.  Eggs  of  highly  inbred  birds  sometimes 
require  as  many  as  12  hours  longer  for  incubation  than  the  eggs  of  birds 
of  the  same  breed  that  are  not  inbred.  The  higher  the  temperature 
during  incubation  the  more  rapid  the  development  of  the  embryo  and  the 
earlier  the  hatch. 
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STRUCTURAL  DEVELOPMENT  OF  THE  EMBRYO 

The  development  of  the  chick  from  the  egg  is  a  phenomenon  of  unusual 
interest,  inasmuch  as  the  various  processes  involved  therein  are  closely 
related  to  the  more  important  factors  affecting  hatching  results.  For 
instance,  the  development  of  the  embryo  during  incubation  is  affected 
by  such  factors  as  the  length  of  time  that  the  fully  formed  egg  is  held  in 
the  uterus  before  being  laid,  the  position  of  the  eggs  during  incubation, 
and  the  number  of  tunes  that  eggs  are  turned  daily  during  the  incubation 
period,  as  well  as  by  the  temperature,  humidity,  oxygen,  and  carbon 
dioxide  content  of  the  atmosphere  of  the  incubation  chamber. 

The  development  of  the  chicken  embryo  during  the  period  of  incuba¬ 
tion  is  analogous  to  the  development  of  the  mammalian  embryo  during  the 
gestation  period.  The  mammalian  embryo  is  developed  entirely  within 
its  mother’s  body,  whereas  the  chicken  embryo,  although  starting  its 
development  within  its  mother’s  body,  develops  mostly  outside. 

Development  before  Laying. — Approximately  3  hr.  after  the  egg  is 
fertilized  in  the  oviduct,  the  germ  spot,  or  reproductive  cell,  in  the  yolk 
divides  into  two  cells.  Cell  division  continues  until  a  thin  disk  is  formed. 
The  cleavage  process  of  the  germinal  disk  continues  and  soon  gives  rise, 
through  a  process  known  as  “gastrulation,”  to  a  structure  having  two 
layers  of  modified  cells,  the  outer  layer  comprising  the  ectoderm  and  the 
inner  layer  the  entoderm.  At  this  stage  of  development  the  “  blasto¬ 
derm,”  as  it  is  now  called,  is  thinner  and  more  transparent  in  its  central 
portion,  called  the  “area  pellucida,”  and  thicker  around  its  margin,  called 
the  “area  opaca,”  and  is  visible  to  the  naked  eye  when  a  fertile  egg  is 
opened.  The  axis  of  the  blastoderm  lies  at  approximately  right  angles 
to  the  long  axis  of  the  egg.  The  cleavage  process  is  arrested  when  the 
egg  is  laid  but  proceeds  again  when  the  egg  is  subjected  to  the  proper 
temperature.  If  the  temperature  is  below  68°F.,  the  development  of  the 
embryo  is  completely  arrested. 

It  has  been  demonstrated  at  the  National  Agricultural  Research 
Center  that  fertile  eggs  can  be  distinguished  from  infertile  eggs  by  can¬ 
dling  methods,  after  about  15  hr.  of  incubation.  Green  or  very  dark  blue 
glasses  are  a  distinct  aid  in  candling. 

Development  during  Incubation. — When  the  egg  is  placed  under 
proper  conditions  of  incubation,  the  blastoderm  develops  rapidly,  the 
primitive  streak  appearing  in  the  area  pellucida  during  the  first  12  hr.  of 
incubation.  The  blastoderm  gradually  extends  over  the  surface  of  the 
yolk  and  gives  rise  to  the  formation  of  the  embryo.  The  two-layered 
structure  soon  gives  rise  to  a  three-layered  structure,  the  mesoderm 
arising  between  the  ectoderm  and  the  entoderm. 

The  ectoderm  gives  rise  to  the  skin,  feathers,  and  other  external 
features  as  well  as  the  nervous  system.  The  mesoderm  gives  rise  to 
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Fig.  44. — The  development  of  the  chick.  A,  part  of  the  ovary  showing  ova  in  different 
stages  of  development.  B,  the  fertilized  egg  at  time  of  laying.  C,  early  cleavage  of  the 
blastoderm.  D,  egg  opened  to  show  the  late  neural-fold  stage  and  extension  of  blasto¬ 
derm  over  yolk.  E  and  F,  stages  during  which  the  circulation  is  becoming  established 
as  the  blastoderm  extends  further  over  the  yolk.  The  allantois  appears  as  a  bladder-like 
outgrowth  at  the  posterior  end  of  the  embryo  in  F.  G,  stage  in  which  the  allantois  has 
enlarged  and  the  yolk,  surrounded  by  the  yolk  sac,  has  become  reduced.  In  F  and  G  the 
amnion  is  shown  closely  surrounding  the  embryo.  H,  later  stage  showing  yolk  stalk.  7, 
front  view  of  head,  showing  eyes,  nasal  openings,  mouth,  and  ears.  J,  a  stage  shortly 
before  hatching,  showing  yolk  stalk  and  remains  of  yolk.  {Photograph  by  Curtis  and 
Guthrie  redrawn  from  Duval.)1 

Curtis  and  Guthrie,  “  Text-book  of  General  Zoology. ”  By  permission  of 
John  Wiley  &  Sons,  Inc.,  publishers. 
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the  bones,  blood,  muscles,  and  reproductive  and  excretory  organs.  The 
entoderm  gives  rise  to  the  respiratory  and  secretory  organs  and  the 
linings  of  the  digestive  tract. 

As  development  proceeds,  certain  folds  develop,  surrounding  the 
embryo  so  that  it  is  enclosed  in  an  inner  membrane,  called  the  “amnion,” 
and  an  outer  membrane,  called  the  “chorion,”  each  composed  of  ectoderm 
and  mesoderm.  The  amnion  contains  a  fluid  in  which  the  embryo  is 
embedded,  providing  protection  against  mechanical  shock  and  preventing 
adhesion  of  the  embryo  through  the  action  of  the  muscular  fibers  in  the 
wall  of  the  amnion. 


A  B 

Fig.  45. — A,  embryo  of  36  hours  incubation.  B,  embryo  of  90  hours  incubation;  note  the 
well-defined  allantois  and  blood  vessels.  ( After  Evans.)1 


By  this  time  there  has  developed  from  the  posterior  portion  of  the 
hind  gut  an  outgrowth  known  as  the  “allantois,”  quite  visible  through 
the  shell  when  the  egg  is  tested  on  the  seventh  day  of  incubation.  As  the 
embryo  increases  in  size,  the  allantois  extends  farther  and  farther  until 
its  outer  surface  comes  into  close  contact  with  the  inner  surface  of  the 
chorion.  As  the  amount  of  albumen  of  the  egg  becomes  reduced,  the 
allantois  is  closely  applied  to  the  inner  surface  of  the  chorion,  which  in 
turn  lies  against  the  shell  membrane  and  shell,  and  thus  becomes  a  respira¬ 
tory  and  excretory  organ  by  means  of  which  oxygen  and  carbon  dioxide 
are  received  and  discharged.  The  allantois  also  absorbs  albumen  which 
serves  as  nourishment  for  the  embryo. 

By  the  fourteenth  day  of  incubation  the  axis  of  the  embryo  is  parallel 
with  the  axis  of  the  egg  so  that  when  the  chick  is  fully  formed  the  head  is 
1  Evans,  Ernest,  “The  Biology  of  Birds.”  By  permission  of  John  Dixon,  Ltd., 
publishers. 
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toward  the  large  end  of  the  egg.  The  albumen  of  the  egg  has  been  almost 
the  sole  source  of  nourishment  for  the  embryo  for  the  first  2  weeks,  after 
which  the  yolk  serves  principally  as  the  source  of  nourishment.  The 
yolk,  carried  by  the  blood,  is  absorbed  by  portions  of  the  walls  of  the  yolk 
sac  which  surrounds  the  yolk,  the  latter  being  in  direct  connection  with 
the  embryo  by  means  of  the  yolk  stalk.  The  yolk  sac  enters  the  body 
of  the  embryo  usually  on  the  nineteenth  and  twentieth  days,  and  the 
development  of  the  chick  is  completed. 


C  D 


Fig.  46. — C,  embryo  of  8  days  incubation.  D,  embryo  of  11  days  incubation  seen 
from  right  side:  B,  beak;  C,  cloacal  elevation;  E,  ear;  Ey,  eye;  L,  leg  with  toes  complete; 
S,  stalk  of  allantois;  T,  tongue.;  Ta,  tail;  W,  W,  wing.  ( After  Evans.)1 


At  Hatching  Time. — Up  to  hatching  time  respiration  has  taken  place 
by  means  of  the  allantois,  but  when  the  beak  is  thrust  into  the  air  sac  of 
the  egg  the  lungs  begin  to  function,  and  there  is  thus  a  marked  change 
in  the  nature  of  the  respiration.  The  beak,  equipped  with  a  horny  cap  on 
the  upper  mandible,  pips  a  circle  around  the  large  end  of  the  shell  while 
the  embryo  revolves  slowly  within  the  shell.  Two  muscles  in  the  neck 
of  the  chick,  musculus  biventor  and  musculus  spinalis,  are  largely  instru¬ 
mental  in  enabling  the  chick  to  exert  enough  pressure  with  its  beak  to 
break  through  the  shell. 

The  Completed  Chick. — Twenty-one  days  have  witnessed  the  trans¬ 
formation  of  the  fertile  egg  into  a  fully  formed  chick,  which  leaves  behind, 

1  Evans,  Ernest,  “The  Biology  of  Birds.”  By  permission  of  John  Dixon,  Ltd., 
publishers. 
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as  remnants,  the  shell,  the  shell  membranes,  and  the  membranes  of  the 
allantois  and  chorion.  In  Table  27  are  listed  the  principal  events  in  the 
structural  development  of  the  embryo. 

Table  27. — Principal  Events  in  the  Structural  Development  of  the  Embryo 


(Romanoff,  1931) 

Before  egg  laying .  Division  and  growth  of  living  cells;  segregation  of  cells  into 

groups  of  special  function  (germ  layers) 

Between  laying  and 

incubation .  No  growth;  stage  of  inactive  embryonic  life 

During  incubation: 

1st  day: 

16  hr .  First  sign  of  resemblance  to  a  chick  embryo 

18  hr .  Appearance  of  alimentary  tract 

20  hr .  Appearance  of  vertebral  column 

21  hr .  Beginning  of  formation  of  nervous  system 

22  hr .  Beginning  of  formation  of  head 

24  hr .  Beginning  of  formation  of  eye 

2nd  day:  * 

25  hr .  Beginning  of  formation  of  heart 

35  hr .  Beginning  of  formation  of  ear 

42  hr .  Heart  begins  to  beat 

3rd  day: 

60  hr .  Beginning  of  formation  of  nose 

62  hr .  Beginning  of  formation  of  legs 

64  hr .  Beginning  of  formation  of  wings 

4th  day .  Beginning  of  formation  of  tongue 

5th  day .  Formation  of  reproductive  organs  and  differentiation  of  sex 

6th  day .  Beginning  of  formation  of  beak 

8th  day .  Beginning  of  formation  of  feathers 

10th  day .  Beginning  of  hardening  of  beak 

13th  day .  Appearance  of  scales  and  claws 

14th  day .  Embryo  gets  position  suitable  for  breaking  the  shell 

16th  day .  Scales,  claws,  and  beak  becoming  firm  and  horny 

17th  day .  Beak  turns  toward  air  cell 

19th  day .  Yolk  sac  begins  to  enter  body  cavity 

20th  day .  Yolk  sac  completely  drawn  into  body  cavity 

Embryo  occupies  practically  all  the  space  within  the  egg  except 
the  air  cell 

21st  day .  Hatching  of  chick 


Although  the  development  of  the  embryo  has  taken  place  entirely 
within  the  shell  of  the  egg,  which  has  sometimes  been  referred  to  as  a 
closed  system,  the  embryo  must  obtain  an  adequate  supply  of  oxygen 
from  outside  the  egg  in  order  to  develop  properly.  Moreover,  during  the 
period  of  incubation  the  egg  loses  water,  and  the  developing  embryo 
liberates  carbon  dioxide  through  the  porous  shell.  These  processes  are 
associated  with  the  various  physiological  changes  that  take  place  in  the 
growth  and  development  of  the  embryo. 
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THE  PHYSIOLOGY  OF  EMBRYO  DEVELOPMENT 

During  the  incubation  of  fertile  eggs  the  white  increases  in  viscosity, 
while,  in  the  yolk,  viscosity  decreases  rapidly  till  the  fifth  day,  after  which 
it  rises  until  the  end  of  incubation.  The  yolk  gains  in  water  at  the 
expense  of  the  white. 

At  the  beginning  of  incubation  the  yolk  is  acid;  but  as  incubation 
proceeds,  the  yolk  becomes  alkaline,  with  a  sudden  temporary  drop  at  the 
sixteenth  day,  according  to  work  done  at  Cornell  University.  At  the 
same  institution  it  was  found  that  the  white  reaches  its  highest  peak  of 
alkalinity  at  about  2  days  of  incubation,  thereafter  gradually  changing 
to  become  neutral.  The  trend  toward  acidity  on  the  part  of  the  white 
is  of  significance  in  relation  to  the  increased  production  of  carbon  dioxide 
by  the  embryo  as  development  proceeds. 

The  Respiration  of  the  Developing  Embryo. — It  has  long  since  been 
determined  that  the  developing  embryo  gives  off  carbon  dioxide  and  takes 
in  oxygen.  The  embryo  respires  long  before  the  development  of  the 
chick’s  lungs. 

The  air  space,  usually  formed  in  the  large  end  of  the  egg,  serves  an 
important  function  in  respiration.  Among  the  early  investigators  the 
general  conclusion  was  that  aqueous  transpiration  took  place  over  all 
parts  of  the  egg  but  that  gaseous  exchange  took  place  only  by  way  of  the 
allantoic  membrane  and  the  air  space.  The  results  of  various  workers 
go  to  show  that  the  embryo  will  develop  normally  if  the  entire  egg,  except 
the  upper  part  containing  the  air  space,  is  coated  with  a  varnish  or  with 
water  glass  and  that  as  much  as  one-half  of  the  shell,  including  the  air 
space,  may  be  coated  without  apparently  affecting  normal  development. 
The  results  of  research  conducted  at  the  National  Agricultural  Research 
Center  have  demonstrated  that  by  coating  the  large  end  of  the  egg  with 
paraffin,  in  eggs  incubated  large  end  up,  the  percentage  of  chicks  hatched 
was  greatly  reduced  as  compared  with  untreated  eggs  and  the  percentage 
of  chicks  with  their  heads  in  the  small  end  of  the  egg  was  greatly  increased. 

Increase  in  Carbon  Dioxide  Elimination. — The  results  secured  by  vari¬ 
ous  investigators  have  shown  that,  whereas  the  carbon  dioxide  (C02)  in  the 
air  space  of  the  egg  increases  only  four  or  five  times  during  incubation,  the 
carbon  dioxide  produced  by  the  embryo  increases  about  forty  times.  In 
this  connection  it  is  interesting  to  note  that  the  shell  and  the  shell  mem¬ 
brane  above  the  air  space  become  progressively  more  permeable  as  embry¬ 
onic  development  proceeds.  The  elimination  of  carbon  dioxide  decreases 
from  the  first  to  about  the  third  day  of  incubation,  after  which  the  amount 
eliminated  is  proportional  to  the  weight  of  the  embryo. 

Oxygen  Requirements  Increase. — As  the  embryo  develops,  the  amount 
of  oxygen  required  increases.  The  ratio  of  the  carbon  dioxide  given  off 
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to  oxygen  consumed  is  known  as  the  “respiratory  quotient.”  Recent 
research  has  shown  that  for  the  first  2  days  of  incubation  the  respiratory 
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quotient  is  about  1.00,  after  which  it  declines  to  about  0.70  on  the  tenth 
day,  thereafter  remaining  constant. 

An  insufficient  supply  of  oxygen  either  kills  the  embryo  in  the  early 
stages  of  development  or  produces  abnormal  chicks.  Eggs  incubated  in 


INCUBATION  PRINCIPLES  AND  PRACTICE 


139 


an  atmosphere  containing  from  10  to  15  per  cent  oxygen  produced 
embryos  that  lived  for  about  72  hr.  only,  and  the  embryos  were  abnormal. 
This  is  quite  interesting  in  view  of  the  fact  that  the  atmosphere  ordinarily 
contains  approximately  21  per  cent  of  oxygen.  The  most  recently  pub¬ 
lished  results  by  the  National  Agricultural  Research  Center  show  that  the 
atmosphere  of  the  egg  chamber  should  contain  approximately  21  per  cent 
of  oxygen  in  order  to  secure  best  results  in  hatching. 

The  Metabolism  of  the  Developing  Embryo. — Among  the  physi¬ 
ological  changes  occurring  during  embryonic  development  probably  the 
most  important  are  those  which  take  place  in  the  utilization  by  the  devel¬ 
oping  embryo  of  the  different  substances  contained  in  the  egg.  The  egg 
is  composed  of  carbohydrates,  fat,  protein,  and  minerals,  and  the  shell  is 
composed  largely  of  calcium.  These  substances  are  utilized  by  the 
embryo  during  its  development  but  at  different  rates  during  development, 
as  shown  by  the  results  of  various  workers. 

The  developing  embryo  secures  its  energy  from  three  successive 
sources:  carbohydrates;  then  proteins;  and,  lastly,  fat.  These  elements 
serve  as  sources  of  energy. 

Carbohydrate  Metabolism. — Carbohydrate  metabolism  has  its  chief 
importance  at  the  beginning  of  development,  when  the  various  organs  of 
the  embryo  are  taking  shape.  There  appears  to  be  a  close  correlation 
between  the  utilization  of  sugar  by  the  embryo  and  its  respiratory  quo¬ 
tient  during  the  first  5  days.  The  metabolism  of  carbohydrates  in  the 
chick  embryo  is  summarized  in  the  following  brief  account  from  the 
research  results  obtained  at  the  University  of  Cambridge,  England. 

During  the  first  week  of  incubation  the  amount  of  free  sugar  in  the 
egg  decreases  equally  in  the  white  and  in  the  yolk.  On  the  ninth  day  the 
white  is  entirely  deprived  of  free  sugar,  while  the  yolk  has  lost  only  half 
its  original  amount. 

In  the  whole  egg  the  amount  of  glycogen  increases  continually  during 
incubation;  in  the  embryo  this  process  takes  place  only  after  the  eleventh 
day,  resulting  in  an  actual  decrease  of  glycogen  content  in  the  white  and 
in  the  yolk  after  the  thirteenth  day.  This  indicates  the  existence  in  the 
chick  of  a  “  transitory  liver  ”  possessing  a  glycogenetic  function  analogous 
to  that  of  the  placenta  of  mammals,  a  function  that  comes  into  play  when 
the  chick  has  reached  halfway  in  its  development. 

The  total  glucose  of  the  whole  egg  decreases  up  till  the  seventh  day, 
then  increases  until  the  eleventh,  when  it  again  decreases.  This  increase 
in  carbohydrates  between  the  seventh  and  the  eleventh  day  corresponds 
to  a  loss  of  fats,  which  do  not  suffer  combustion  but  are  transformed  in 
the  embryo  into  carbohydrates. 

During  the  earliest  stages  of  development  there  is  present  a  large 
proportion  of  glucose,  neither  free  nor  in  the  form  of  glycogen  but  com- 
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bined  with  the  proteins  (mucoproteins) ;  this  explains  the  presence  in 
young  embryos  of  “ primitive  connective  tissue.” 

The  curve  of  the  free-sugar  ratio  in  the  embryo  rises  until  the  eleventh 
day  and  then  proceeds  to  fall;  at  this  moment  the  glycogen  ratio  also 
undergoes  a  rapid  change.  Insulin  starts  to  be  secreted  round  about  the 
tenth  day  of  incubation. 

Protein  Metabolism. — There  are  four  different  kinds  of  protein  in 
the  albumen  and  three  different  kinds  of  protein  in  the  yolk  of  the  egg. 
During  the  last  week  of  embryonic  development  there  is  a  certain  current 
of  protein  into  the  yolk,  and  this  is  also  true  of  water.  Enzymes  are 
probably  contained  in  both  albumen  and  yolk,  and  their  activity  increases 
as  incubation  proceeds.  The  enzymes  break  down  the  proteins  and  pre¬ 
pare  them  for  embryonic  nourishment.  Uric  acid  accumulates  up  to  the 
time  of  hatching,  indicating  the  continuous  oxidation  of  protein. 

Fat  Metabolism. — The  utilization  of  the  fat  of  the  egg  by  the  develop¬ 
ing  embryo  has  been  investigated,  and  it  is  apparent  that  fat  is  the  most 
important  source  of  energy.  The  metabolism  of  fat  takes  place  princi¬ 
pally  after  the  eleventh  day.  The  rate  of  the  metabolism  of  fat,  accord¬ 
ing  to  the  results  secured  at  the  University  of  Edinburgh,  is  apparently 
controlled  by  the  increase  in  the  weight  of  the  liver,  which  is  very  small 
up  to  the  fourteenth  day,  after  which  it  rapidly  increases  in  size.  The 
results  of  research  on  fat  metabolism  at  Cornell  University  show  that  the 
curve  of  consumed  fat  is  quite  similar  to  the  curve  of  the  rate  of 
the  growth  of  the  embryo. 

Mineral  Metabolism. — The  utilization  by  the  embryo  of  the  various 
minerals  contained  in  the  egg  and  in  the  shell  has  been  studied  by  a  num¬ 
ber  of  workers,  particularly  in  respect  to  phosphorus  and  calcium.  The 
utilization  of  phosphorus  is  a  very  complicated  problem  because  six 
different  forms  of  phosphorus  are  involved.  Briefly,  it  may  be  said  that 
the  greatest  changes  in  phosphorus  metabolism  occur  after  the  fifteenth 
day  of  incubation  and  that  apparently  phosphorus  utilization  by  the 
embryo  is  associated  with  the  calcification  of  bone.  Concerning  the 
utilization  of  calcium,  all  investigators  report  a  large  increase  of  calcium 
in  the  embryo  and  a  loss  of  it  from  the  shell,  the  calcium  in  the  shell  being- 
broken  down  more  readily  in  the  presence  of  carbon  dioxide.  Approxi- 
•  mately  75  per  cent  of  the  calcium  of  the  newly  hatched  chick  comes  from 
the  shell  during  the  process  of  incubation. 

Efficiency  of  Metabolism. — As  the  embryo  grows  there  is  an  increasing 
percentage  of  solid  matter  in  it.  At  the  beginning  of  the  incubation 
period  the  embryo  constitutes  an  insignificant  part  of  the  total  living 
tissue,  the  greatest  part  being  the  yolk. 

As  observed  previously,  the  respiratory  quotient  is  the  ratio  of  liters 
of  carbon  dioxide  eliminated  by  the  embryo  to  the  liters  of  oxygen  con¬ 
sumed.  The  thermal  quotient  is  the  ratio  of  calories  of  heat  eliminated 
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by  the  embryo  to  the  grams  of  carbon  dioxide  eliminated.  Carbohydrate 
metabolism  is  represented  by  a  respiratory  quotient  of  1.00  and  a  thermal 
quotient  of  2.57 ;  fat  metabolism  is  represented  by  a  respiratory  quotient 
of  0.71  and  a  thermal  quotient  of  3.35;  protein  metabolism  gives  prac¬ 
tically  the  same  respiratory  and  thermal  quotients  as  fat. 

Although  the  developing  embryo  obtains  its  energy  for  the  most  part 
first  from  the  carbohydrates,  then  from  the  proteins,  and  lastly  from  the 
fats,  it  should  be  understood  that  there  is  some  overlapping.  The 
efficiency  with  which  the  developing  embryo  transforms  the  yolk  and 
white  into  embryonic  tissue  appears  to  be  the  lowest  between  the  seventh 
and  tenth  days  of  incubation,  according  to  results  secured  at  the  Uni¬ 
versity  of  Edinburgh,  for  it  has  been  shown  that  during  that  period  the 
ratio  of  dry  matter  stored  in  the  embryo  to  dry  matter  oxidized  is  lower 
than  at  other  periods  of  incubation. 

The  embryo  is  able  to  store  about  98  per  cent  of  the  proteins  available, 
about  82  per  cent  of  the  carbohydrates,  and  about  43  per  cent  of  the  fat. 
The  efficiency  of  the  metabolism  of  the  three  elements  combined  for  the 
whole  of  the  embryo’s  development  is  about  68  per  cent. 

Embryo  Mortality  and  Its  Causes. — In  some  flocks  a  few  hens  may  be 
observed  that  have  a  100  per  cent  hatching  record  for  the  entire  breeding 
season.  In  such  cases  three  important  observations  are  worthy  of  note: 
(1)  Hens  with  a  hatchability  record  of  100  per  cent  are  superior  individuals 
which  possess  the  genetic  constitution  for  high  hatchability;  (2)  the 
conditions  of  incubation  were  apparently  satisfactory;  (3)  the  eggs  laid 
by  the  other  members  of  the  flock  must  have  been  deficient  in  certain 
respects  which  resulted  in  the  embryos’  dying  some  time  during  the  incu¬ 
bation  period.  That  hens  differ  genetically  in  their  ability  to  produce 
eggs  of  good  hatching  quality  has  already  been  demonstrated  in  a  previous 
chapter.  Certain  it  is  that  the  genetic  constitution  of  the  breeding  stock 
is  an  important  factor  in  relation  to  embryo  mortality  among  the  eggs 
they  produce. 

That  the  diet  which  the  breeding  stock  receives  sometimes  increases 
embryo  mortality  is  demonstrated  in  a  later  chapter. 

Faulty  methods  of  incubation,  of  course,  usually  result  in  relatively 
high  embryo  mortality. 

On  the  other  hand,  among  the  eggs  laid  by  practically  all  flocks  that 
have  been  bred  and  fed  for  high  hatchability  and  where  satisfactory 
conditions  of  incubation  prevail,  there  is  usually  some  embryo  mortality. 
As  a  matter  of  fact,  a  hatchability  of  80  per  cent  of  all  eggs  set  is  regarded 
as  very  satisfactory,  showing  that  under  what  may  be  termed  the  best 
of  conditions  embryo  mortality  amounts  to  20  per  cent. 

Critical  Periods  in  Embryo  Development. — It  has  been  found  that 
approximately  65  per  cent  of  the  total  embryo  mortality  occurs,  for  the 
most  part,  at  two  periods  of  incubation.  The  curves  in  Fig.  48  show  that 
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the  first  period  of  relatively  high  embryo  mortality  includes  the  second, 
third,  and  fourth  days  of  incubation,  and  the  second  period  from  the 
eighteenth  to  the  twenty-first  days.  Apparently,  these  two  periods  of 
relatively  high  embryo  mortality  are  associated  with  certain  physiological 
processes  that  take  place  during  embryo  development. 


/A/cus^r/oA'  r/M£  C^rsJ 


Fig.  48. — Showing  embryonic  mortality  in  eggs  laid  by  Single-comb  White  Leghorns, 
and  Single-comb  Rhode  Island  Reds,  •.  ( Byerly ,  Knox,  and  Jull,  1934.) 

It  is  interesting  to  note,  for  instance,  that  the  rates  of  growth  and 
gross  form  development  change  rapidly  during  the  early  stages  of  incuba¬ 
tion,  while  the  concentration  of  solids  and  chemical  differentiation  change 
mostly  during  the  last  half  of  the  incubation  period.  The  fact  thatjaciic 


Fig.  49. — Fully  formed  chicks  which  failed  to  hatch:  A,  Normal  position,  the  head 
under  the  right  wing  and  the  beak  just  entering  the  air  cell;  B,  the  embryo  completely 
reversed  with  the  head  in  the  small  end  of  the  egg.  ( Cavers  and  Hutt,  1934.) 

acid  production  reaches  a  peak  on  the  fourth  day  may  also  have  some 
bearing  on  early  embryo  mortality. 

There  are  apparently  four  cycles  of  growth  during  embryo  develop¬ 
ment,  according  to  recent  research  conducted  at  Cornell  University  and 
the  Missouri  Experiment  Station.  The  first  cycle  of  growth  continues 
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from  the  first  to  about  the  fourth  day,  the  second  cycle  from  the  fourth 
to  about  the  seventh  day,  the  third  from  the  seventh  to  about  the  seven¬ 
teenth  day,  the  fourth  from  the  seventeenth  to  about  the  nineteenth  day. 

Embryo  Position  and  Mortality. — The  normal  position  of  the  embryo 
at  hatching  time  is  with  the  head  toward  the  larger  end  of  the  egg  with  the 
neck  bent  sufficiently  to  bring  the  head  to  the  right  side  of  the  body  and 
the  beak  under  the  right  wing,  the  tip  of  the  beak  pointing  toward  the 
air  cell;  the  legs  are  on  the  ventral  side  of  the  embryo  with  the  feet  folded 
so  that  the  toes  reach  the  head. 

Table  28. — Code  for  the  Classification  of  Chick-embryo  Positions,  Including 
a  Code  for  the  Orientation  of  the  Embryo  in  Respect  to  the  Egg 
Axis  and  the  Air  Cell,  Based  on  Four  Independent  Events 

(Dove,  1935) 


A,  air 
cell 

B,  body 
position 

C,  position  of  head  and  beak  and  direction  of  neck  twist 

D,  proximity  of 
beak  to  air  cell 

Head 

Beak 

Primary  twist 
in  neck 

1,  in  base 

a,  head  in  base 

0,  between  legs, 

Straight  down 

None 

a,  beak  near  air 

feet  over  head 

cell 

2,  in  tip 

b,  head  in  tip 

1,  to  center  be- 

Straight  down 

None 

b,  beak  away  from 

tween  legs 

air  cell  (1  in. 

or  more) 

3;  at  side 

c,  head  and  feet 

2,  to  center  be- 

Tip  to  right 

in  tip 

tween  legs 

d,  head  and  feet 

3,  to  center  be- 

Tip  to  left 

in  base 

tween  legs 

4,  across  breast 

Points  to  right 

Sinistral 

5,  across  breast 

Points  to  left 

Dextral 

6,  to  right  side 

To  right,  tip  un- 

Sinistral 

der  right  wing 

7,  to  left  side 

To  left,  tip  under 

Dextral 

left  wing 

8,  to  right  side 

To  right,  tip  un- 

Sinistral 

der  and  over 

right  wing 

9,  to  left  side 

To  left,  tip  under 

Dextral 

and  over  left 

wing 

10,  to  right  side 

To  right,  tip  over 

Sinistral 

right  wing 

11,  to  left  side 

To  left,  tip  over 

Dextral 

left  wing 

12,  on  right  side 

To  front  and  left 

Dextral 

13,  on  left  side 

To  front  and  right 

Sinistral 

14,  on  right  side 

To  back  or  above 

Right  torticollis 

15,  on  left  side 

To  back  and 

Left  torticollis 

above 

16,  to  front 

To  front  and 

S  curve  forward 

above 

and  upward 

17,  to  back 

To  back  (above 

Retrocollis 

(above  and  over) 

and  over) 
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It  has  been  found,  however,  that  embryos  may  assume  numerous 
modifications  of  the  normal  position  without  materially  affecting  hatch- 
ability.  Embryo  mortality  is  sometimes  due  to  (1)  air  hunger  on  the 
part  of  the  embryo  due  to  the  misplacement  of  the  air  cell,  (2)  gravity 
when  the  egg  is  incubated  small  end  up,  (3)  factors  of  incubation  or  other 
factors  causing  delayed  embryo  development  previous  to  the  fifteenth 
day  of  incubation.  A  large  portion  of  the  dead-in-shell  embryos  is 
apparently  due  to  defective  embryos  and  those  in  which  development  has 
been  delayed,  according  to  recent  investigations  conducted  at  the  Maine 
Agricultural  Experiment  Station.  In  other  words,  the  position  of  the 
embryo  in  the  egg  is  not  in  itself  a  criterion  as  to  whether  or  not  the  chick 
could  hatch  but  is  a  manifestation  of  the  result  of  poor  breeding,  improp¬ 
erly  balanced  diets  given  the  breeding  stock,  or  faulty  methods  of  incuba¬ 
tion.  The  information  in  Table  28 
shows  the  variations  in  position 
that  embryos  assume  in  the  course 
of  development. 

PHYSICAL  FACTORS  GOVERNING 
SUCCESSFUL  INCUBATION 

The  more  fundamental  aspects 
of  the  structural  and  physiological 
development  of  the  embryo  having 
been  discussed,  it  now  remains  to 
consider  the  optimum  conditions  of 
incubation  that  should  prevail  in 
order  to  secure  the  largest  possible 
number  of  good  chicks  in  pro¬ 
portion  to  the  number  of  eggs 

4  6  8  io  12  14  16  18  20  *22  incubated. 

Days  of  Incubation  The  rela^ye  significance  of  in- 

in  artificial  incubation.  The  internal  factors  tcrnal  factoiS,  Or  qualities  of  the 

(quality  of  eggs)  exercise  an  influence  egg  itself,  and  external  factors,  Or 

throughout  the  incubation  period,  the  effects  r  •  i  ,  • 

being  more  pronounced  during  the  early  and  Conditions  of  incubation,  as  Causes 

late  periods  of  incubation  than  at  other  times,  of  embryonic  mortality  is  graphi- 
The  external  factors  (incubation  environ-  n  i  •  tv  trn  t?'  • 

ment)  exercise  their  greatest  influence  during  Cally  shown  in  Fig.  50.  FiOm  this 

the  latter  part  of  the  incubation  period,  it  is  apparent  that  the  incubation 
( Romanoff ,  1931.)  •  ,  v,-  e  • 

environment,  or  conditions  ol  in¬ 
cubation,  is  on  the  average  a  very  important  factor  in  causing  relatively 
high  embryo  mortality  during  the  last  3  days  of  incubation.  The  more 
important  conditions  of  incubation  affecting  hatching  results  include:  (1) 
position  and  turning  of  eggs;  (2)  temperature  requirements;  (3)  venti¬ 
lation  requirements,  particularly  with  respect  to  the  elimination  of  car- 
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bon  dioxide  and  the  available  supply  of  oxygen;  and  (4)  humidity 
requirements. 

Position  and  Turning  of  Eggs. — In  the  natural  incubation  of  eggs 
under  hens  it  has  been  observed  that  she  turns  her  eggs  by  lateral  move¬ 
ments  of  the  body  as  she  nestles  upon  the  eggs  and  by  reaching  under  her 
body  to  move  the  eggs  around  with  her  beak.  She  turns  her  eggs  with  her 
beak  day  and  night,  and  it  has  been  observed  that  the  eggs  are  rotated 
completely  as  many  as  ten  times  in  two  hours.  Moreover,  since  the 
hen’s  nest  is  concave,  the  eggs  tend  to  lie  in  an  oblique  position  with  the 
large  end  tilted  slightly  upward. 

In  artificial  incubation  the  eggs  are  placed  on  the  trays  in  an  oblique 
position  large  end  up  for  two  reasons:  (1)  It  has  been  observed  that  eggs 
incubated  large  end  up  are  much  more  inclined  to  have  the  embryo 
develop  with  its  head  in  the  large  end  of  the  egg  than  when  the  eggs  are 
placed  small  end  up,  and  (2)  placing  the  eggs  large  end  up  rather  than 
flat  allows  more  eggs  to  be  incubated  at  one  setting. 

Research  work  at  the  National  Agricultural  Research  Center  has 
demonstrated  that  among  eggs  incubated  large  end  up  approximately 
2  per  cent  of  them  contained  embryos  with  their  heads  in  the  small  end 
of  the  egg,  whereas  among  eggs  incubated  small  end  up  approximately 
60  per  cent  of  them  contained  embryos  with  their  heads  in  the  small  end, 
many  of  which  failed  to  hatch.  It  was  also  shown  that  the  position  of 
the  embryo  with  its  head  toward  the  small  end  of  the  egg  is  determined 
during  the  second  week  of  incubation. 

Frequent  turning  of  the  eggs  during  incubation  is  desirable  in  order 
to  prevent  the  embryo  from  adhering  to  the  shell  membrane,  especially 
in  the  early  stages  of  incubation,  and  to  prevent  any  adhesion  between 
yolk  and  allantois  in  the  later  stages  of  incubation.  The  results  of 
research  at  a  number  of  experiment  stations  show  clearly  that  turning 
eggs  as  many  as  eight  times  daily  gives  better  results,  on  the  average,  than 
turning  twice  daily.  It  has  also  been  shown  that  it  is  much  more  impor¬ 
tant  to  turn  eggs  frequently  during  the  first  half  of  the  incubation  period 
than  during  the  second  half.  From  a  practical  standpoint,  the  turning 
should  be  done  as  early  as  possible  in  the  morning  and  as  late  as  possible 
at  night,  with  several  turnings  between  times  during  the  first  half  of  the 
incubation  period. 

Temperature  Requirements. — Because  of  the  relative  importance  of 
proper  temperature  in  the  incubation  of  eggs,  much  research  has  been 
conducted  for  the  purpose  of  determining  the  temperatures  that  prevail 
in  the  natural  incubation  of  eggs  and  to  determine  the  optimum  tempera¬ 
ture  and  the  effect  of  variations  in  temperature  in  the  artificial  incubation 
of  eggs.  A  review  of  the  literature  reveals  the  fact,  however,  that  numer¬ 
ous  research  workers  apparently  overlooked  the  fact  that  the  optimum 
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temperature  for  successful  artificial  incubation  is  to  some  extent  depend¬ 
ent  upon  the  humidity  of  the  air  in  the  egg  chamber  and  upon  the  rate 
of  air  circulation.  In  some  cases  the  importance  of  the  exact  location 
of  the  thermometer  in  the  egg  chamber  was  not  fully  appreciated. 

Since  many  of  the  results  on  incubation  temperatures  are  reported  in 
terms  of  degrees  centigrade,  it  is  advisable  to  mention  here,  for  the  sake  of 
those  consulting  such  results,  that  the  Fahrenheit  temperature  is  obtained 
by  multiplying  the  centigrade  temperature  by  1.8  and  adding  32  to  the 
product.  Thus,  40°C.  =  104°F.  In  this  book  incubation  temperatures 
are  discussed  in  terms  of  degrees  Fahrenheit. 

Concerning  the  temperatures  that  prevail  during  natural  incubation, 
the  more  general  conclusions  to  be  drawn  from  the  observations  made  by 
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Fig.  51.- — The  average  range  in  temperature  at  the  top  and  at  the  bottom  of  eggs  incubated 
in  a  non-forced-draft  incubator.  ( After  Burke,  1925.) 

the  various  investigators  are:  (1)  The  surface  temperature  of  sitting  hens 
rises  about  3.0°F.  during  the  first  week  of  incubation  and  remains  fairly 
constant  thereafter;  (2)  the  temperature  of  the  nest  tends  to  increase 
slightly  and  steadily  during  the  incubation  period;  (3)  the  temperature 
at  the  top  of  the  egg  tends  to  remain  fairly  constant,  averaging  102  to 
103°F.,  during  the  incubation  period;  (4)  the  temperature  at  the  bottom 
of  the  egg  is  approximately  15.0  to  18.0°F.  lower  than  the  temperature 
of  the  top  of  the  egg  at  the  beginning  of  the  incubation  period,  but  this 
difference  decreases  as  incubation  proceeds,  so  that  toward  the  end  of  the 
incubation  period  the  temperature  at  the  bottom  of  the  egg  is  approxi¬ 
mately  9.0  to  13.0°  lower  than  the  temperature  of  the  top  of  the  egg; 
(5)  the  temperature  at  the  bottom  of  the  egg  tends  to  rise  by  probably 
6.0  to  9.0°F.  from  the  first  to  the  sixteenth  days  and  then  falls  about 
2.0°F.  from  the  seventeenth  to  the  twentieth  days. 

The  various  observations  made  concerning  temperature  conditions 
under  natural  methods  of  incubation  are  of  particular  value  with  respect  to 
their  possible  application  to  artificial  incubation.  Incubators  of  many 
different  types  have  been  devised  so  that  it  has  become  necessary  to  deter¬ 
mine  optimum  temperatures  for  incubation  purposes  in  the  different 
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types.  From  the  standpoint  of  temperature  requirements,  the  various 
types  of  incubators  may  be  divided  into  two  groups:  (1)  incubators  in 
which  warm  air  is  conducted  to  the  top  of  the  egg  chamber  and  diffuses 
downward  over  the  eggs  or  the  eggs  are  heated  by  radiation  from  the  heat 
supplied  by  pipes  of  warm  water;  (2)  incubators  in  which  the  egg  chamber 
is  heated  by  mechanically  forced  circulation  of  air  which  is  heated  by 
electrical  elements. 

By  far  the  most  of  the  research  work  on  temperature  requirements  in 
artificial  incubation  has  been  conducted  in  incubators  of  the  first  group. 
The  general  conclusion  of  the  numerous  lines  of  research  work  conducted 
during  the  past  25  years  is  that  during  the  first  2  weeks  of  the  incubation 
period  the  temperature  on  a  level  with  the  top  of  the  eggs  should  be 
101. 5°F.  and  that  during  the  last  week  the  temperature  at  the  same 
location  should  be  102. 5°F. 
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Fig.  52. — The  average  range  in  temperature  at  in-  above  eggs  and  at  top  of  eggs  incu¬ 
bated  in  a  non-forced-draft  incubator.  ( After  Burke,  1925.) 


The  results  of  research  on  the  temperature  requirements  in  incubators 
heated  by  mechanically  forced  circulation  of  air  indicate  that  100°F.  is 
the  optimum  temperature.  At  the  National  Agricultural  Research 
Center  a  series  of  tests  was  conducted  at  temperatures  of  96,  98,  99,  100, 
102,  and  103.5°,  the  relative  humidity  in  all  tests  being  kept  at  60  per 
cent,  the  concentration  of  oxygen  at  21  per  cent,  and  the  concentration 
of  carbon  dioxide  below  0.5  per  cent.  In  all  tests  the  air  movement  past 
the  eggs  was  approximately  12  cm.  per  minute,  and  it  should  be  observed 
the  temperature  at  the  bottom  and  the  top  of  the  egg  was  the  same.  The 
best  hatches  were  secured  at  a  temperature  of  100°F.  Deviations  in 
temperature  above  and  below  100°F.  resulted  in  lowered  hatches  until 
at  96  and  103.5°,  respectively,  nearly  all  of  the  embryos  died  in  the  shell. 

It  remains  to  be  determined  whether  or  not  better  hatching  results 
might  be  secured  if  temperatures  of  99.5°F.  for  the  first  half  and  100. 5°F. 
for  the  second  half  of  the  incubation  period  were  maintained  or  some  other 
temperatures  for  different  periods  of  incubation  than  maintaining  a  tem¬ 
perature  of  100°F.  throughout  the  entire  hatching  period. 

Excessively  high  temperatures  give  rise  to  an  increase  in  the  rate  of 
growth  of  the  embryo,  resulting  in  an  increase  in  the  liberation  of  carbon 
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dioxide,  and  there  is  a  marked  tendency  for  the  embryos  to  assume  abnor¬ 
mal  positions  within  the  egg.  If  relatively  high  temperatures  are  main¬ 
tained  for  too  long  a  period,  embryo  mortality  is  certain  to  be  excessive. 


Fig.  53.— Effect  of  temperature  of  incubation  on  percentage  of  fertile  eggs  hatched 
(relative  humidity  60  per  cent,  oxygen  21  per  cent,  carbon  dioxide  below  0.5  per  cent). 
( Barott ,  1937.) 

The  data  in  Table  29  show  that  eggs  incubated  at  a  temperature  of 
104. 0°F.  had  an  excessively  high  embryo  mortality,  especially  on  the 
nineteenth  to  twentieth  day  of  incubation. 


Table  29. — Effect  of  Temperature  on  Embryo  Mortality 
(Data  of  Romanoff  and  Faber,  1933) 


Incubation 
age,  days 

Mortality  expressed  as 

a  per  cent  of  eggs  remaining  in  the 
incubator 

104. 0°F. 

100.4°F. 

96.8°F. 

93.2°F. 

89.6°F. 

16  to  17 

5.71 

1.41 

0.00 

0.00 

0.00 

17  to  18 

15.15 

0.00 

0.00 

0.00 

0.00 

18  to  19 

15.38 

8.19 

0.00 

0.00 

0.00 

19  to  20 

60.00 

19.29 

21.43 

0.00 

0.00 

20  to  21 

33.33 

10.42 

12.12 

14.71 

0.00 

21  to  22 

17.39 

9.09 

Excessively  low  temperatures  cause  a  retardation  in  embryo  develop¬ 
ment,  accompanied  by  a  diminution  of  carbon  dioxide  output.  Espe¬ 
cially  during  the  first  2  or  3  days  of  the  incubation  period  are  excessively 
low  temperatures  liable  to  cause  the  death  of  the  embryo. 
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The  practice  of  cooling  eggs  for  a  few  minutes  each  day  of  incubation, 
although  practiced  to  a  considerable  extent  for  several  years,  has  been 
found  to  be  inadvisable. 

Ventilation  Requirements. — The  proper  ventilation  of  the  incubator 
chamber  during  the  incubation  of  eggs  is  necessary  because  as  the  embryo 
develops  it  requires  oxygen,  and  it  liberates  more  carbon  dioxide,  most  of 
which  must  be  removed  from  the  incubator  chamber. 

The  embryo  breathes  long  before  the  formation  of  lungs,  the  oxygen 
absorbed  and  the  carbon  dioxide  eliminated  passing  through  the  porous 
shell.  In  a  series  of  experiments  conducted  at  the  National  Agricultural 
Research  Center,  it  was  found  that  the  best  hatches  were  obtained  when 
the  carbon  dioxide  content  of  the  egg  chamber  was  kept  at  0.5  per  cent 
throughout  the  period  of  incubation.  It  was  further  found  that  the 


Fig.  54. — Effect  of  oxygen  during  incubation  on  percentage  of  fertile  eggs  hatched 
(temperature  99°  F.,  relative  humidity  70  per  cent,  carbon  dioxide  below  0.5  per  cent). 
( Barott ,  1937.) 

decrease  in  the  hatch  was  proportional  to  the  increase  in  the  carbon 
dioxide  content  of  the  egg  chamber.  It  is  obvious,  therefore,  that  the 
ventilation  of  the  incubator  chamber  must  be  such  that  the  carbon  diox¬ 
ide  eliminated  by  the  embryos  will  be  removed  fast  enough  so  that  the 
carbon  dioxide  content  of  the  atmosphere  of  the  egg  chamber  does  not 
exceed  0.5  per  cent. 

Since  the  developing  embryo  requires  oxygen,  it  is  obvious  that  the 
ventilating  device  of  the  incubator  must  be  so  designed  as  to  supply 
adequate  amounts  throughout  the  period  of  incubation.  The  results  ol 
research  on  oxygeli  requirements  conducted  at  Cornell  University  and  at 
the  National  Agricultural  Research  Center  have  demonstrated  that  the 
atmosphere  of  the  egg  chamber  should  contain  21  per  cent  ol  oxygen, 
which  is  the  oxygen  content  of  normal  air.  At  the  latter  institution  it 
was  found  that  each  per  cent  decrease  below  21  per  cent  in  the  oxygen 
content  of  the  atmosphere  of  the  egg  chamber  reduced  the  hatch  by 
approximately  5  per  cent.  For  each  per  cent  increase  in  the  oxygen 
concentration  the  hatch  was  reduced  approximately  1  per  cent.  There- 
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fore,  a  deficiency  in  oxygen  supply  is  relatively  much  more  harmful  than 
an  excess. 

Humidity  Requirements. — During  incubation  the  eggs  lose  weight,  a 
large  part  of  which  is  due  to  loss  in  water  content.  The  amount  of  water 
eliminated  has  been  found  to  be  very  largely  proportional  to  the  humidity 
of  the  atmosphere  of  the  egg  chamber. 

Research  work  has  demonstrated  that  it  is  the  relative  rather  than 
the  absolute  humidity  of  the  atmosphere  of  the  egg  chamber  that  affects 
hatching  results.  Relative  humidity  refers  to  the  ratio  between  the 


RELATIVE  HUMIDITY  (PERCENT) 

Fig.  55.— Effect  of  relative  humidity  during  incubation  at  two  different  temperatures 
on  percentage  of  fertile  eggs  hatched  (oxygen  21  per  cent,  carbon  dioxide  below  0.5  per 
cent).  ( Barott ,  1937.) 

amount  of  water  vapor  actually  contained  in  the  atmosphere  at  a  given 
temperature  and  the  amount  of  vapor  the  atmosphere  is  capable  of 
holding  at  the  same  temperature.  It  is  well  known,  of  course,  that  the 
capacity  of  air  to  absorb  and  hold  moisture  increases  as  its  temperature 
rises;  at  50°F.,  1,000  cu.  ft.  of  air  is  capable  of  holding  0.587  lb.  of  water 
vapor,  whereas  at  100°  the  same  amount  of  air  is  capable  of  holding 
2.851  lb.  of  water  vapor.  If  it  should  be  found  that  at  100°,  1,000  cu.  ft. 
of  air  contains  1.711  lb.  of  water  vapor,  which  is  60  per  cent  of  what  it  is 
capable  of  holding  at  that  temperature,  the  relative  humidity  would  be 
60  per  cent. 

Research  work  at  Cornell  University  and  the  National  Agricultural 
Research  Center  has  demonstrated  that  the  best  hatches  were  obtained 
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when  the  relative  humidity  of  the  atmosphere  of  the  egg  chamber  was 
maintained  at  very  near  60  per  cent  relative  humidity. 

Optimum  Conditions  for  Incubation. — The  optimum  conditions  for  the 
successful  incubation  of  eggs  may  be  summarized  as  follows:  (1)  For 
section-type  incubators,  which  do  not  have  mechanically  forced  circula¬ 
tion  of  the  air  in  the  egg  chamber,  the  temperature  on  a  level  with  the  top 
of  the  eggs  should  be  101.5°  during  the  first  half  of  the  incubation  period 
and  102.5°  during  the  last  half  of  the  incubation  period;  (2)  for  cabinet- 
type  incubators,  equipped  for  the  mechanically  forced  circulation  of 
air,  the  temperature  should  be  100.0°  throughout  the  period  of  incubation; 
(3)  for  all  types  of  incubators  the  ventilation  should  be  such  as  to  main¬ 
tain  an  atmosphere  in  the  egg  chamber  containing  21  per  cent  oxygen  and 
not  over  0.5  per  cent  carbon  dioxide;  (4)  in  all  incubators  a  relative 
humidity  of  60  per  cent  should  be  maintained  in  the  atmosphere  of  the  egg 
chamber  throughout  the  period  of  incubation. 

The  successful  incubation  of  eggs  to  produce  the  largest  possible 
number  of  good  chicks  in  proportion  to  the  number  of  eggs  incubated 
depends  not  only  upon  providing  optimum  conditions  of  incubation  but 
also  upon  the  selection  and  care  of  the  eggs  intended  for  incubation. 
Granted,  however,  that  the  selection  and  care  of  the  hatching  eggs  have 
been  such  that  the  best  possible  hatching  results  can  be  secured,  it  is 
still  important  to  bear  in  mind  that  certain  things  are  necessary  besides 
merely  providing  optimum  physical  conditions  of  incubation  in  the 
incubator  in  order  to  secure  satisfactory  hatches  year  after  year.  Such 
factors  as  the  location  of  the  incubator,  its  proper  disinfection,  and  the 
proper  care  of  incubator  equipment  all  have  a  bearing  upon  successful 
incubation  practice. 

THE  SELECTION  AND  CARE  OF  HATCHING  EGGS 

The  careful  selection  of  eggs  for  hatching  purposes  is  a  very  important 
matter  because  the  kind  of  egg  incubated  determines,  to  a  large  extent,  the 
quality  of  chicks  hatched.  Fertile  eggs  of  good  hatching  quality  are 
necessary  for  good  hatches.  All  eggs  for  hatching  should  be  uniform  in 
shape  and  size  and  sound  in  shell. 

Egg  Size  Important. — The  size  of  the  eggs  used  for  hatching  is  very 
important  because  there  is  a  high  correlation  between  the  size  of  eggs 
used  and  the  size  of  chicks  hatched.  Furthermore,  the  continued  use  of 
small  eggs  for  hatching  purposes  would  soon  result  in  reducing  the  average 
size  of  the  birds  in  a  flock,  as  well  as  decrease  in  the  size  of  eggs  shipped  to 
market.  The  most  careful  attention,  therefore,  should  be  given  to  the 
selection  of  the  eggs  for  hatching  purposes  on  the  basis  of  size,  and  it  is 
desirable  to  use  no  eggs  weighing  less  than  2  oz.  each.  Moreover,  it  is 
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highly  desirable  to  remove  from  the  breeding  flocks  all  birds  that  lay 
small  eggs. 

Shell  Color  Important. — In  the  case  of  varieties  of  chickens  that  lay 
white-shelled  eggs,  all  eggs  used  for  incubation  should  be  free  from  tints. 
This  is  an  economic  factor  that  has  caused  considerable  loss  in  marketing- 
eggs  produced  by  some  strains  of  White  Leghorns.  Not  only  should 
tinted  eggs  laid  by  white-egg  breeds  be  eliminated,  but  the  birds  laying 
the  tinted  eggs  should  be  removed  from  the  breeding  flock. 

Test  for  Cracked  Shells  and  Tremulous  Air  Cells. — All  eggs  should 
be  tested  for  cracked  shells,  and  this  can  be  done  quite  readily  by  tapping 
two  eggs  together.  If  there  is  a  resonant  sound,  both  eggs  are  sound  in 
shell;  but  if  there  is  a  dull  sound,  one  of  the  eggs  is  cracked  and  should 
not  be  used  for  incubation.  Care  should  be  exercised  in  shipping  or 
delivering  eggs  to  a  hatchery  to  avoid  excessive  shaking  that  sometimes 
results  in  a  condition  known  as  “ tremulous  air  cells,5 5  a  condition  that 
tends  to  lower  hatchability,  according  to  results  secured  at  the  National 
Agricultural  Research  Center. 

Avoid  Dirty  Eggs. — Dirty  eggs  should  not  be  washed  before  being  set, 
because  washing  opens  the  pores  and  makes  possible  excessive  evaporation 
of  the  watery  content  during  incubation.  If  dirt  is  observed  on  the  shell, 
scrape  it  off  with  a  knife,  or  reject  the  egg. 

Use  Fresh  Eggs  Only. — Only  fresh  eggs  should  be  set,  because  eggs  for 
incubation  deteriorate  rather  quickly  after  they  are  about  5  days  old, 
while  eggs  3  weeks  old  or  more  usually  do  not  hatch  at  all.  If  the  incuba¬ 
tor  capacity  is  relatively  large,  and  a  large  number  of  eggs  have  to  be 
saved  before  setting  time,  they  should  be  kept  in  a  cool  room  free  from 
drafts  and  dust. 

Position  during  Storage  Not  Important. — From  the  results  of  various 
investigations  it  is  apparent  that  there  are  no  advantages  in  keeping  eggs 
in  any  particular  position  while  being  held  for  incubation,  provided  they 
are  not  kept  over  5  days.  They  may  be  kept  in  a  tray  in  their  natural 
position  and  do  not  require  to  be  turned. 

Avoid  High  Storage  Temperature. — The  temperature  at  which  eggs 
are  held  prior  to  being  incubated  is  quite  important,  a  high  temperature 
being  more  injurious  than  a  low  temperature. 

Just  how  low  the  temperature  may  be  allowed  to  go  without  endanger¬ 
ing  embryonic  development  has  not  been  determined,  although  rather  low 
temperatures  for  short  periods  do  not  seem  to  be  particularly  detrimental. 

As  a  general  conclusion  of  the  various  investigations  on  the  proper 
temperature  at  which  to  hold  hatching  eggs,  it  is  apparent  that  about  55° 
is  the  best  temperature.  In  warm  weather,  eggs  should  be  gathered  fre¬ 
quently  and  placed  immediately  in  a  temperature  of  about  55°.  In 
sections  of  the  country  where  subzero  weather  prevails  in  the  early  hatch- 
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ing  season,  the  eggs  should  be  gathered  frequently  to  avoid  the  develop¬ 
ment  of  abnormal  embryos  and  to  secure  the  best  results  in  hatching. 

Proper  attention  having  been  given  to  the  selection  and  holding  of 
eggs  for  hatching,  the  next  problem  is  to  carry  out  the  hatching  work  so 
that  best  results  will  be  secured. 

NATURAL  INCUBATION 

Raising  chicks  with  hens  is  still  practiced  to  a  considerable  extent. 
To  be  most  successful  it  is  necessary  to  have  good  brooding  hens  and 
properly  constructed  nests  and  to  give  the  hens  careful  attention  during 
the  incubation  period. 

The  Kind  of  Hen.— Hens  selected  for  hatching  purposes  should  have 
the  broody  instinct  well  developed,  and  each  should  be  of  such  size  as  to 
cover  properly  the  required  number  of  eggs.  A  setting  comprises  from 
11  to  15  eggs,  the  smaller  number  being  set  in  the  early  part  of  the  season, 
when  the  weather  is  cold,  and  15  later,  when  the  weather  is  warmer. 

Breeds  such  as  Plymouth  Rocks,  Rhode  Island  Reds,  and  Wyandottes 
are  among  the  best  sitters.  The  lighter  breeds,  such  as  Leghorns,  gen¬ 
erally  cannot  be  relied  upon. 

The  Kind  of  Nest. — The  nest  should  be  made  of  fine,  soft  hay,  straw, 
or  leaves  and  should  be  placed  in  such  a  position  that  the  hen  will  not 
have  to  fly  or  jump  into  it.  It  should  be  large  enough  so  that  the  hen 
will  fill  it  nicely,  affording  complete  protection  for  a  single  layer  of  eggs; 
if  it  is  deep,  the  eggs  may  pile  up  and  break. 

Avoid  Parasites. — Dust  the  hens  thoroughly  with  sodium  fluoride 
before  setting  them.  Hens  may  become  so  badly  infested  with  lice  that 
they  will  leave  their  nests.  To  dust  a  hen,  take  her  by  the  feet,  holding 
her  head  downward,  and  rub  pinches  of  sodium  fluoride  well  into  her 
feathers,  especially  around  the  vent.  The  proper  method  of  treating  a 
bird  with  sodium  fluoride  is  shown  in  the  chapter  on  Disease  Prevention. 

A  careful  lookout  should  be  kept  for  the  appearance  of  mites,  which 
increase  very  rapidly  in  hot  weather.  If  they  appear,  prompt  eradication 
measures  should  be  taken,  as  prescribed  in  the  chapter  on  Disease 
Prevention. 

Setting  and  Feeding. — Sitting  hens  should  be  kept  in  a  room  that  is 
secluded,  slightly  darkened,  cool,  and  apart  from  the  houses  for  layers  and 
breeders.  A  number  of  hens  may  be  set  at  the  same  time,  but  each  should 
be  confined  to  her  own  nest.  They  may  be  fed  together,  but  each  hen 
should  return  to  her  own  nest,  and  the  door  of  the  nest  should  be  closed. 

It  is  best  to  set  hens  after  dark  because  they  are  less  excitable  then 
than  in  the  daytime.  Each  hen  may  be  tested  for  broodiness  by  placing 
two  or  three  infertile  or  artificial  eggs  in  the  nest  the  first  day.  When  she 
is  sitting  well,  the  hatching  eggs  may  be  placed  under  her. 
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Examine  the  nests  occasionally  to  be  sure  that  no  eggs  have  been 
broken.  In  case  any  have  been  broken  the  shells  and  soiled  nesting 
material  should  be  removed  and  the  rest  of  the  eggs  washed  with  warm 
water  to  remove  any  material  that  came  from  the  broken  eggs. 

Feed  the  hens  on  hard  grains,  such  as  wheat,  oats,  corn,  or  a  mixture 
of  these,  and  occasionally  some  green  feed.  Keep  grit  and  clean  water 
before  them  always. 

At  hatching  time  allow  the  hens  to  sit  quietly  after  the  nineteenth  day, 
but  be  sure  that  none  leaves  her  nest  with  the  first  chicks  hatched. 

ARTIFICIAL  INCUBATION 

The  domestic  hen  of  today  incubates  its  egg  in  precisely  the  same  man¬ 
ner  as  the  wild  fowl  of  the  bamboo  jungles  of  India  and  Ceylon  has  incu¬ 
bated  its  eggs  for  many  centuries.  The  modern  incubator,  however, 
incubates  eggs  in  a  very  different  manner  from  that  employed  by  the 
Egyptians  and  Chinese  in  their  mud  ovens  and  barrels  during  at  least  the 
past  several  hundred  years. 

Ancient  Methods  of  Incubation. — In  contrast  with  the  rather  remark¬ 
able  changes  that  have  taken  place  during  recent  years  in  the  develop¬ 
ment  of  the  type  of  incubator  for  hatching  chicks  commercially  in  America, 
it  seems  strange  that  the  methods  of  incubation  used  in  the  earliest  times 
in  Egypt  and  China  are  still  in  use  there.  The  immense  Egyptian  hatch¬ 
ing  ovens,  called  mamel  el  firakh,  constructed  of  sun-dried  brick,  mortar, 
and  earth,  usually  have  several  compartments,  each  capable  of  holding  a 
few  thousand  eggs. 

The  eggs  are  brought  from  many  miles  around  the  hatching  oven  on 
the  backs  of  asses  and  camels.  Heat  is  furnished  by  fires  built  in  the 
rooms  where  the  eggs  are  hatched,  the  proper  temperature  being  main¬ 
tained  by  the  use  of  ventilators  in  the  walls.  The  fuel  is  usually  wheat  or 
bean  straw  chopped  and  mixed  with  a  certain  amount  of  camel  dung,  or 
“gilch.”  No  thermometer  is  used,  since  the  attendant  tests  the  tem¬ 
perature  of  the  eggs  by  the  touch  of  the  hand  or  by  placing  them  against 
the  eyelid.  The  eggs  are  placed  in  the  lower  chambers  and  are  often 
piled  up  four  or  five  deep  but  not  later  than  the  tenth  day  are  spread  out 
in  a  single  layer. 

The  eggs  are  turned  three  times  daily.  On  the  fourth  or  fifth  day 
they  are  tested  for  fertility,  the  infertile  eggs  being  removed  and  sold  for 
human  consumption.  The  testing  is  usually  done  in  the  upper  chambers, 
each  egg  being  held  in  a  ray  of  sunlight  which  comes  through  a  hole  in  the 
roof  made  for  the  purpose.  No  artificial  moisture  is  provided,  and  no 
special  provisions  are  made  for  securing  fresh  air. 

The  incubation  methods  of  the  Chinese  are  just  as  primitive  as  those 
of  the  Egyptians,  but  their  incubators  are  different.  There  are  three 
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types  of  Chinese  incubators:  mud-plastered,  straw-covered,  and  muslin- 
covered  barrels.  Their  general  use  is  governed  by  locality;  in  the  country 
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Fig.  56. — Egyptian  hatching  ovens  are  usually  built  of  mud  walls  with  circular  open¬ 
ings  to  allow  people  to  enter  and  to  provide  sufficient  ventilation.  The  attendant  fre¬ 
quently  lives  in  one  of  the  rooms  of  the  oven  and  is  extremely  sensitive  to  changes  in  tem¬ 
perature.  There  is  a  dome-shaped  roof  with  holes  for  smoke  to  escape. 

Many  of  the  ovens  are  composed  of  compartments,  each  compartment  being  divided 
into  an  upper  and  lower  chamber.  The  eggs  are  placed  on  the  floor  of  the  lower  chamber 
and  are  turned  frequently.  The  fires  are  built  around  the  walls  of  the  upper  chamber. 
( Plan  by  Illustrated  Poultry  Record .) 

and  village  districts,  where  straw  and  mud  are  easily  accessible,  the  first 
two  types  are  preferred,  while  in  the  towns  and  cities  the  muslin-covered 
incubator  prevails.  Notwithstanding  the  differences  in  construction,  the 
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method  of  heating  each  of  the  three  incubators  is  practically  the  same,  the 
heat  being  supplied  by  burning  charcoal  or  by  placing  the  incubators  in 
piles  of  decomposing  manure.  As  with  the  Egyptians,  so  with  the  Chi- 


Fig.  57. — Showing  the  arrangement  of  Chinese  incubators  ( From  Brill,  U.  S.  Dept.  Agr.) 


nese,  the  thermometer  used  in  the  modern  incubator  is  almost  totally 
unknown.  A  slight  variation  in  the  temperature  is  detected  by  placing  a 
few  eggs  against  the  eyelid. 


Fig.  58. — A  diagrammatic  sketch  of  a  hatchery  in  Pateros  the  Philippines.  A,  B,  and 
D,  are  rows  of  incubators  (cylindrical  baskets)  in  which  A  shows  the  basket  in  section  to 
give  an  idea  of  the  arrangement  of  the  bags  containing  the  egg  to  be  incubated  and  those 
containing  heated  rice,  B  shows  the  entire  basket,  and  D  shows  the  row  of  baskets  covered. 
This  is  also  shown  in  C,  but  only  partly  rolled,  e.  Bags  containing  eggs.  r.  Bags  of  heated 
rice.  h.  Rice  hulls  firmly  tamped  and  serving  as  insulators.  ( Fronda ,  1925-1926.) 

Modern  Incubators. — The  earliest  of  modern  incubators  appeared  in 
England  in  1770  and  in  America  in  1844.  The  chief  difficulty  encoun¬ 
tered  in  the  operation  of  these  early  incubators  was  with  respect  to  main- 
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taining  a  satisfactory  temperature  for  successful  incubation.  It  was  not 
long,  however,  before  mechanical  devices  for  controlling  the  temperature 
were  perfected  to  such  an  extent  that  the  temperature  throughout  the 
21  days  of  incubation  could  be  controlled  within  a  degree  Fahrenheit 
variation  from  day  to  day.  This  was  possible  in  spite  of  the  fact  that  the 
developing  embryos  give  off  considerable  heat  during  the  latter  part  of 
the  hatch.  As  far  as  temperature  control  in  modern  incubators  is  con¬ 
cerned,  therefore,  it  has  become  a  problem  of  determining  optimum 
temperatures  for  the  entire  period  of  incubation. 

Kinds  of  Incubators. — There  are  several  different  makes  of  incubators 
which  differ  in  design,  size,  kind  of  fuel  used,  method  of  heating  the  eggs, 
method  of  ventilating  the  egg  chamber,  and  method  of  providing  humidity, 


Fig.  59. — One  of  the  earliest  incubators  in  practical  use  in  the  United  States.  ( Photograph 

by  Everybody' s  Poultry  Magazine.) 

so  that  it  is  practically  impossible  to  classify  them  in  any  systematic 
manner. 

As  far  as  design  is  concerned,  incubators  vary  from  the  very  simple 
boxlike  or  circular  incubator  of  small  size  and  sometimes  cheap  design  to 
the  mammoth  roomlike  incubator  of  substantial  design  equipped  with  a 
relatively  elaborate  well-constructed  mechanism  for  providing  optimum 
conditions  of  incubation. 

The  size  of  incubators  differs  from  one  holding  approximately  50  to 
one  holding  several  thousand  eggs. 

The  fuel  used  may  be  coal  oil,  petroleum,  gas,  coal,  or  electricity,  which 
is  in  reality  a  medium  for  the  transference  of  heat  rather  than  a  fuel.  In 
small  incubators  coal  oil  is  frequently  used  to  supply  heat  to  the  egg 
chamber.  For  incubators  of  larger  egg  capacity,  gas,  coal,  or  electricity 
is  usually  employed,  the  tendency  being  in  favor  of  electricity.  In  sec- 
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tions  of  the  country  where  natural  gas  is  available,  its  use  is  usually  justi¬ 
fied  from  the  standpoint  of  economy  and  ease  of  operation.  Where 
neither  gas  nor  electricity  is  available,  coal  may  be  used  quite  satisfac¬ 
torily  for  supplying  heat  to  large  incubators  in  which  hot  water  is  used 

The  use  of  electricity  in  incubation  is 
increasing  in  popularity  because  less 
labor  is  involved  in  incubator  man¬ 
agement,  and  when  no  heat  is  required 
no  electric  current  is  used,  whereas 
when  oil,  gas,  or  coal  are  used  any  sur¬ 
plus  heat  produced  above  incubation 
requirements  is  usually  diverted  from 
the  egg  chamber. 

Hot  water  and  hot  air  are  the 
mediums  employed  in  transferring  heat 
from  its  source  to  the  egg  chamber, 
except  in  the  case  of  electrically  heated 
incubators,  which  have  their  electric 
resistance  coils  located  in  the  egg  cham¬ 
ber.  The  hot-water  and  hot-air  meth¬ 
ods  of  supplying  heat  are  equally 
satisfactory  except  that  the  former  is 
less  responsive  to  outside  changes  than 
the  latter.  Within  the  egg  chamber 
the  eggs  are  heated  by  the  radiation  of  heat  from  water  pipes,  by  an  air 
drum  or  electric  coils,  or  by  the  conveyance  of  warm  air  directly  to  the 
eggs;  or  by  diffusion;  or  in  rare  cases  by  contact. 

The  method  of  ventilating  the  egg  chamber  differs  among  the  different 
makes  of  incubators,  particularly  with  respect  to  those  which  are  or  are 
not  provided  with  a  mechanically  forced  circulation  of  air  through  the  egg 
chamber. 

The  method  of  supplying  humidity  to  the  atmosphere  of  the  egg  cham¬ 
ber  varies  from  water  pans  under  the  egg  trays  to  a  special  automatic 
humidifying  device. 

Incubators  differ  with  respect  to  the  size  of  compartment  for  holding 
the  eggs;  there  may  be  a  large  number  of  small  compartments  in  what  is 
frequently  called  the  “  section-type  ”  incubator,  or  there  may  be  one  large 
compartment  for  holding  all  of  the  eggs  in  what  is  known  as  the  “cabinet- 
type,”  or  “room-type,”  incubator. 

The  efficiency  of  operation  of  any  particular  make,  design,  or  type  of 
incubator  depends  largely  upon  the  kind  of  materials  used  in  its  construc¬ 
tion,  how  well  it  has  been  constructed,  and  its  adaptability  in  providing 
the  optimum  conditions  of  incubation. 


as  a  medium  of  heat  transfer. 


Fig.  60. — The  thorough  cleaning 
and  disinfection  of  the  incubator  after 
each  hatch  is  completed  is  a  funda¬ 
mental  principle  of  successful  incubation 
operation.  ( Photograph  by  Buckeye 
Incubator  Co.) 
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During  recent  years  there  has  been  a  tendency  on  the  part  of  the 
makers  of  large-capacity  incubators  to  manufacture  a  separate  hatcher  to 
which  eggs  are  transferred  on  about  the  eighteenth  day  of  incubation. 
The  use  of  the  separate  hatcher  avoids  any  disturbance  to  eggs  in  the 
various  stages  of  incubation  prior  to  the  eighteenth  day.  Moreover, 
there  is  no  circulation  or  accumulation  of  down  in  the  incubator  used 
for  incubating  eggs  up  to  the  eighteenth  day. 

The  Incubator  Room. — In  order  that  the  incubator  may  give  the  most 
satisfactory  results  in  hatching  chicks,  it  should  be  located  in  a  separate 
room  not  used  for  other  purposes  in  order  that  (1)  the  incubator  and 
incubator  room  may  be  kept  as  clean  and  free  from  disease  organisms  as 
possible;  (2)  an  even  temperature  may  be  maintained  in  the  room,  thus 
making  it  easier  to  regulate  the  temperature  in  the  incubator;  (3)  good 
ventilation  may  be  secured  to  provide  the  incubator  with  fresh  air  and 
to  remove  the  excess  carbon  dioxide  given  off  from  the  incubator;  (4)  to 
make  it  a  simple  matter  to  provide  the  air  of  the  incubator  chamber  with 
the  proper  relative  humidity. 

The  size  of  the  incubator  room  will  depend,  of  course,  upon  the  num¬ 
ber  and  size  of  incubators  that  are  required.  The  location  of  the  incuba¬ 
tors  in  the  incubator  room  will  depend  upon  the  kind  and  size  of  incubator 
being  used.  Section-type  incubators  require  that  sufficient  space  be 
left  between  the  incubator  and  the  walls  to  permit  of  easy  handling  of  the 
egg  and  chick  trays  and  water  trays,  if  they  are  used.  Cabinet-type 
incubators  are  usually  placed  along  the  walls  of  the  incubator  room,  with 
enough  space  left  in  the  rear  to  make  any  necessary  adjustments  and  to 
provide  for  proper  cleaning. 

A  cellar  room  in  the  house  may  be  used  for  small  incubators  that  are 
heated  by  lamps,  but  for  incubators  of  several  thousand  egg  capacity  a 
semibasement  with  the  floor  3  or  4  ft.  below  ground  level  is  almost  ideal. 
In  all  cases,  especially  where  the  incubator  room  is  entirely  aboveground, 
it  is  well  to  prevent  the  sunlight  from  reaching  the  incubators.  Manu¬ 
facturers  of  various  makes  of  incubators  furnish  plans  of  satisfactory 
incubator  rooms. 

Assembling  the  Incubator. — Assemble  the  incubator  according  to  the 
manufacturer’s  directions,  and  see  that  it  is  perfectly  level  by  using  a 
spirit  level  or  a  shallow  pan  of  water  set  on  top  of  the  incubator.  The 
regulator  should  work  freely.  If  the  incubator  door  sticks,  do  not  plane 
it  off  until  the  machine  has  been  thoroughly  dried. 

There  is  sometimes  considerable  variation  in  temperature  in  different 
parts  of  the  same  incubator  chamber  so  that  thermometers  should  be 
placed  in  different  places  in  the  egg  chamber,  and  temperatures  compared. 

Test  the  Thermometers. — Test  all  thermometers  once  a  year  with  a 
clinical  thermometer,  which  may  be  procured  from  a  physician  or  at  a 
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drugstore.  Place  the  thermometers,  including  the  clinical  thermometer, 
in  warm  water,  heated  to  about  103°F.,  taking  care  to  keep  the  bulbs  near 
each  other  and  at  the  same  level  in  the  water.  Incubator  thermometers, 
if  correct,  register  the  same  temperature  as  the  clinical  thermometer. 

Starting  the  Incubator. — The  printed  regulations  supplied  by  manu¬ 
facturers  should  be  followed  closely  until  experience  enables  the  operator 
to  determine  any  minor  variations  that  may  be  desirable.  As  pointed 
out  previously,  the  forced-draft  type  of  mammoth  incubator  requires  a 
lower  temperature  than  small  incubators  or  mammoth  incubators  of  the 
section  type. 

The  following  suggestions  may  be  useful  for  those  operating  section- 
type  incubators:  Run  the  incubator  at  about  102°  for  at  least  2  days 


Fig.  61. — A  typical  lamp  incubator,  heated  with  kerosene.  ( Photograph  by  Queen  Incubator 

Co.) 


before  putting  the  eggs  in.  Since  it  takes  several  hours  for  the  incubator 
to  come  back  to  its  correct  temperature  after  the  eggs  are  put  in,  the 
regulator  should  not  be  touched  during  that  time.  During  the  21  days 
of  incubation  the  temperature  of  the  egg  chamber  may  be  regulated  by 
lowering  the  flame  of  the  lamp,  or  the  regulator  may  be  adjusted.  The 
incubator  should  receive  sufficient  attention  to  avoid  marked  fluctuations 
in  temperature.  New  section-type  incubators  should  be  started  about 
one  week  before  they  are  to  be  used  in  order  that  the  temperature  of 
100°  may  be  maintained  and  in  order  to  make  sure  that  the  ventilating 
and  humidifying  apparatuses  are  functioning  properly.  The  manufac¬ 
turer’s  directions  should  be  followed  closely. 

Care  of  the  Heater. — In  the  case  of  lamp  machines  always  use  good 
oil.  Clean  and  fill  the  lamp  once  daily,  preferably  in  the  morning,  trim¬ 
ming  the  wick  by  scraping  the  charred  portion  off  with  a  knife  or  by 
cutting  the  wick  with  scissors.  The  burners  should  be  kept  free  from 
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dirt,  and  after  each  hatch  they  should  be  thoroughly  cleaned  by  boiling. 
A  new  wick  for  each  hatch  is  a  good  investment,  thus  eliminating  any 
danger  of  the  wick’s  becoming  too  short.  Turn  the  eggs  before  caring 
for  the  lamp,  so  that  there  will  be  no  chance  of  getting  oil  on  the  eggs. 
After  the  lamp  is  lighted  the  flame  is  apt  to  increase  in  size,  so  that  it  is 
well  to  wait  a  few  minutes  after  lighting  the  lamp  to  see  that  the  flame  is 
the  proper  height. 

In  the  case  of  incubators  heated  with  coal  or  gas,  the  heaters  should 
be  thoroughly  cleaned  at  frequent  intervals.  The  flues  and  pipes  should 
be  kept  in  such  condition  that  the  heat  supply  at  all  times  will  be  regular. 

In  the  case  of  electric  incubators  the  heating  elements  should  be 
inspected  and  tested  before  the  incubation  season  begins.  The  electric 
wires  or  coils  should  never  be  allowed  to  get  wet,  and  the  make-and-break 
switch  should  be  kept  free  from  oil,  dirt,  and  dust. 

Maintaining  Proper  Temperature. — The  proper  temperatures  to  be 
maintained  in  the  case  of  the  section-  and  cabinet-type  incubators  have 
been  given  previously,  but  in  order  to  avoid  the  necessity  of  turning  back 
the  pages  the  information  is  repeated  here. 

In  section-type  incubators,  without  mechanically  forced  circulation  of 
air,  the  temperature  on  a  level  with  the  top  of  the  eggs  on  the  egg  tray 
should  be  maintained  at  101.5°  for  the  first  2  weeks  and  then  102.5°  for 
the  balance  of  the  incubation  period. 

In  cabinet-type  incubators,  with  mechanically  forced-draft  circulation 
of  air,  a  temperature  of  100°  should  be  maintained  throughout  the  21-day 
period  of  incubation,  although  some  cabinet-type  incubators  may  give 
better  results  when  operated  at  99°.  It  should  also  be  kept  in  mind  that, 
generally  speaking,  the  operating  temperature  should  be  decreased  as  the 
relative  humidity  of  the  egg  chamber  increases  and  that  when  the  relative 
humidity  is  low  the  temperature  must  be  increased  somewhat. 

Effects  of  Current  Interruption. — Although  practically  all  modern 
makes  of  electric  incubators  are  so  well  constructed  that  trouble  is  rarely 
experienced  with  respect  to  current  interruption,  occasionally  a  heating 
element  may  get  out  of  order.  Then,  again,  the  thermostat  may  stick 
and  cause  overheating.  The  greatest  danger  with  respect  to  current 
interruption  is  usually  due  to  storms  or  floods  which  affect  the  central 
station  or  the  home  lighting  plant.  These  interruptions  are  usually  of 
short  duration,  largely  because  of  the  existing  interconnection  of  power 
lines.  Where  such  do  not  exist,  it  may  be  advisable  for  the  hatchery 
operator  to  install  an  auxiliary  current-producing  plant. 

The  results  of  tests  conducted  by  the  California  Experiment  Station 
demonstrated,  however,  that  12  hr.  of  current  interruption  under  room 
temperatures  approximating  70°  produced  an  average  decrease  in  hatch¬ 
ing  results  of  3.4  per  cent.  It  would  appear,  therefore,  that  except  under 
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extraordinary  circumstances  of  prolonged  current  interruption  no  serious 
results  should  follow. 

Alarm  Systems. — All  electric  incubators  should  be  equipped  with  an 
alarm  system  to  warn  the  operator  of  an  underheat  or  overheat  supply. 
An  alarm  system  that  operates  immediately  when  electric  current  inter¬ 
ruption  occurs  is  vitally  necessary  in  order  that  the  attendant  may  close 
the  ventilators  of  the  incubator  to  conserve  heat.  A  reliable  alarm 


Fig.  62. — A  mammoth-type  incubator  operated  entirely  by  electricity. 

Buckeye  Incubator  Co.) 


( Photograph  by 


system  to  warn  of  an  overheat  supply  is  also  necessary  to  provide  against 
excessive  embryo  or  hatching-chick  mortality. 

Providing  Proper  Ventilation. — The  incubators  should  be  ventilated 
so  that  the  air  in  the  incubator  chamber  contains  21  per  cent  of  oxygen, 
the  oxygen  content  of  normal  air,  and  the  accumulation  of  carbon  dioxide 
should  not  exceed  about  0.5  per  cent.  The  fact  should  not  be  overlooked 
that  the  ventilation  of  the  incubator  has  a  direct  bearing  on  the  relative 
humidity  of  the  atmosphere  of  the  egg  chamber.  The  directions  supplied 
by  the  manufacturers  of  the  incubators  should  be  based  upon  these 
principles. 
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Providing  Adequate  Humidity. — As  pointed  out  previously,  humidity 
is  necessary  in  order  to  prevent  the  incubating  eggs  from  losing  too  much 
moisture  by  evaporation  of  the  water  content  of  the  egg  through  the 
porous  shell  and  to  provide  for  optimum  conditions  for  the  growth  of  the 
embryo.  A  relative  humidity  of  60  per  cent  should  be  maintained  in 
order  to  secure  the  best  hatches. 

If  a  relative  humidity  of  60  per  cent  throughout  the  period  of  incuba¬ 
tion  is  maintained,  the  eggs  will  not  lose  more  than  the  proper  amount  of 
water.  The  simplest  means  of  gaging  the  amount  of  moisture  to  be 
supplied  as  incubation  proceeds  is  the  size  of  the  air  cell  in  the  egg.  In 
most  parts  of  the  country  there  is  little  danger  of  supplying  too  much 
moisture,  especially  in  the  case  of  section-type  incubators.  As  far  as 
cabinet-type  incubators  are  concerned,  the  directions  of  the  manufac¬ 
turers  should  be  followed  closely,  since  most  manufacturers  are  aware  of 
the  optimum  incubation  conditions  that  should  prevail  in  order  to  secure 
the  best  hatches. 

The  Position,  Turning,  and  Testing  of  Eggs  during  Incubation. — It  has 

been  pointed  out  in  the  preceding  section  that  the  incubation  of  eggs 
may  be  carried  on  successfully  if  eggs  are  incubated  in  the  horizontal 
position  or  at  an  angle  of  30  or  45  deg.,  an  angle  of  30  deg.  being  preferable, 
the  reason  for  placing  eggs  in  the  latter  position  being  to  conserve  space. 
When  eggs  are  incubated  in  a  flat  or  perpendicular  position  they  hatch 
well  provided  they  are  turned  sufficiently  often  enough. 

Beginning  with  the  third  day  of  incubation,  the  eggs  should  be  turned 
five  or  six  times  daily,  if  practicable,  and  at  least  three  times  daily.  The 
first  turning  should  be  as  early  as  possible  in  the  morning,  and  the  last 
turning  as  late  as  possible  at  night.  In  small-capacity  incubators,  where 
the  eggs  are  turned  by  hand,  a  few  eggs  should  be  removed  from  the  front 
of  the  tray,  and  the  balance  gently  turned  by  the  palm  of  the  hand. 
Shifting  the  eggs  around  on  the  egg  tray  and  turning  the  tray  end  for 
end  at  each  turning  time  tend  to  equalize  the  effects  of  any  temperature 
differences  existing  in  different  parts  of  the  egg  chamber.  Cabinet-type 
incubators  are  usually  provided  with  mechanical  turning  or  tilting  devices. 
While  the  eggs  are  being  turned,  the  incubator  doors  should  be  kept 
closed.  The  turning  of  eggs  should  be  discontinued  after  the  eighteenth 
day  of  incubation. 

The  eggs  should  be  tested  twice  during  the  period  of  incubation,  from 
the  fifth  to  the  seventh  days,  to  remove  all  infertile  eggs  and  those  with 
dead  embryos;  and  from  the  fourteenth  to  the  eighteenth  day  to  remove 
embryos  dying  after  the  first  test.  Many  operators  of  mammoth  incuba¬ 
tors  make  one  test  about  the  fourteenth  day,  removing  all  infertile  eggs 
and  dead  embryos  at  that  time.  Some  operators  do  no  testing  during  the 
entire  period  of  incubation. 
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The  testing  should  be  done  in  a  dark  room  or  with  a  special  device 
that  can  be  used  in  the  daytime.  The  eggs  are  tested  with  the  large  end 
up,  so  that  the  size  of  the  air  cell  as  well  as  the  condition  of  the  embryo 
may  be  observed  readily.  The  infertile  egg  when  held  before  the  testing 
or  candling  device  looks  clear.  A  fertile  egg  tested  at  about  the  seventh 
day  of  incubation  shows  a  small,  dark  spot,  known  as  the  “embryo,” 
with  a  mass  of  little  blood  vessels  extending  in  all  directions  if  the  embryo 
is  living.  If  the  embryo  is  dead,  the  blood  settles  away  from  the  embryo 
toward  the  edges  of  the  yolk,  forming  in  some  cases  an  irregular  circle  of 
blood  known  as  a  “blood  ring.” 


Fig.  63. — A  table  with  drawers  for  holding  hatching  eggs  from  each  breeding  pen  and  t 
indentations  in  the  top  of  the  table  for  sorting  eggs  by  hen  number.  ( Photograph  by  U.  S. 
Dept.  Ayr.) 

At  the  second  test,  on  the  fourteenth  day,  the  eggs  containing  strong, 
living  embryos  are  dark  and  well  filled  and  show  a  distinct  line  of  demarca¬ 
tion  between  the  air  cell  and  the  growing  embryo,  whereas  eggs  with  dead 
germs  show  only  partial  development  and  lack  of  this  clear,  distinct 
outline. 

According  to  observations  made  at  the  National  Agricultural  Research 
Center,  fertile  and  infertile  eggs  can  be  identified  with  a  high  degree  of 
accuracy  after  about  15  hr.  of  incubation.  For  this  purpose  a  75-watt 
blue-green  bulb  should  be  used,  or  the  person  doing  the  candling  should 
wear  blue  eyeglasses.  The  fertile  egg  can  be  detected  by  the  presence  on 
the  surface  of  the  yolk  of  a  small  spot  about  the  size  of  a  dime.  The  spot 
represents  the  embryo  which  causes  the  yolk  surface  to  bulge  slightly. 
Infertile  eggs  show  no  signs  of  embryo  development. 

Taking  Off  the  Hatch. — The  incubator  doors  should  not  be  opened 
after  the  eighteenth  day  until  the  hatch  is  practically  completed,  for  the 
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Fig.  G4.— Some  of  the  operations  in  pedigree  breeding.  Upper  left,  at  time  of  laying, 
the  egg  is  marked  with  the  breeding  pen  number  above  and  the  hen  number  below.  Upper 
right,  a  pedigree  hatching  sack  containing  the  eggs  from  one  hen  only.  Center,  leg  banding 
a  chick  taken  from  a  pedigree  basket.  Bottom,  wing  banding  a  chick  at  3  weeks  of  age. 
Chicks  may  be  wing-banded  at  hatching  time.  ( U .  S.  Dept.  Agr.) 
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simple  reason  that  opening  the  doors  lowers  the  temperature  and  decreases 
humidity. 

Most  of  the  small-capacity  or  section-type  incubators  are  provided 
with  a  movable  wire  piece  in  the  front  of  the  egg  tray  which  is  opened 
when  the  hatch  is  completed  so  that  the  chicks  as  they  come  to  the  front 
of  the  incubator  fall  down  into  what  is  called  the  nursery  tray.  The 
water  pans  should  be  removed  before  opening  the  wire  piece  at  the  front 
of  the  egg  trays,  but  this  should  not  be  done  until  the  chicks  are  dried  off 
and  well  fluffed  out.  While  the  chicks  are  kept  in  the  nursery  tray  the 
temperature  on  a  level  with  their  backs  should  be  about  95°F.,  the  door 
of  the  incubator  being  kept  slightly  ajar.  During  this  time  it  is  well  to 
keep  the  incubator  door  darkened  so  that  the  chicks  will  not  tend  to  pile 
up  at  the  front  of  the  incubator  and  will  not  pick  at  the  droppings  or  at 
one  another’s  toes. 

In  the  case  of  cabinet-type  incubators,  the  first  chicks  to  hatch  are 
often  removed  before  the  hatch  is  completed,  especially  if  the  hatching 
trays  are  crowded  as  the  result  of  a  very  successful  hatch.  Empty  shells 
are  removed  at  the  same  time,  but  care  must  be  taken  not  to  chill  the 
chicks  still  hatching. 

Disposal  of  Infertile  Eggs  and  Unhatched  Chicks. — Incubation  wast¬ 
age  in  the  form  of  infertile  eggs  and  unhatched  chicks  is  not  usually  a 
serious  problem  with  the  farmer  or  small  operator,  for  in  that  case  the 
refuse  should  either  be  burned  or  boiled  thoroughly  and  used  as  hog  feed. 
In  the  case  of  the  large  hatchery  operator,  however,  the  problem  of 
disposing  of  incubation  wastage  is  sometimes  a  serious  one.  Fertile 
eggs  showing  embryo  development  should  not  be  sold  for  human  con¬ 
sumption,  the  regulations  of  the  Food  and  Drug  Administration  of  the 
United  States  Department  of  Agriculture  holding  that  such  eggs  are 
unfit  for  human  consumption.  They  might  be  used  for  chick  feed  if 
thoroughly  boiled  to  destroy  any  pullorum  organisms  that  may  be  pres¬ 
ent.  Infertile  eggs  and  unhatched  chicks  might  be  disposed  of  as  hog  feed 
where  there  is  a  demand  for  them  for  this  purpose.  Perhaps  the  best  way 
to  dispose  of  infertile  eggs  is  to  break  them  at  the  hatchery  plant,  mix 
them  with  a  disinfectant,  and  destroy  them  promptly  so  that  they  will  not 
attract  flies  and  will  cause  no  bad  odors  at  the  hatchery  plant.  The  same 
thing  should  be  done  with  all  unhatched  chicks,  using  galvanized  cans  that 
do  not  leak. 

Disinfecting  Incubators. — After  an  incubator  has  been  used  once  it 
should  be  thoroughly  cleaned  and  disinfected,  especially  to  prevent  the 
spread  of  pullorum  disease.  Aside  from  the  possible  spread  of  pullorum 
disease,  however,  it  is  perfectly  obvious  that  filth  tends  to  accumulate  in 
incubators  that  are  used  time  after  time  and  that  the  greatest  possible 
precautions  should  be  taken  to  clean  and  disinfect  them  thoroughly  after 
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each  hatch,  because  most  diseases  are  filth  borne.  The  egg  trays  and 
the  inside  of  the  incubator  should  be  cleaned  out  thoroughly  after  each 
hatch  and  thoroughly  disinfected  with  a  3  per  cent  solution  of  any  of  the 
standard  coal-tar  stock  dips.  The  proper  precautions  to  take  to  prevent 
the  spread  of  pullorum  disease  in  incubators  is  discussed  fully  in  the 
chapter  on  Disease  Prevention. 

Insurance  Restrictions  When  Using  Incubators. — Farmers  and  others 
using  incubators  should  keep  in  mind  that  there  are  certain  restrictions  on 
fire  insurance  of  dwellings  and  other  buildings  in  which  incubators  are 
used.  Some  insurance  policies  have  no  restrictions,  whereas  others  have 
definite  specifications  to  which  the  use  of  incubators  must  conform,  and 
still  others  prohibit  the  use  of  incubators  in  any  manner.  In  some  cases 
special  permission  is  required  to  operate  an  incubator.  In  any  case  it  is 
well  to  look  into  the  matter  of  insurance  restrictions  with  respect  to  the 
use  of  incubators  in  dwellings  and  other  buildings. 

HATCHERY-MANAGEMENT  PROBLEMS 

In  1918  it  became  possible  to  ship  baby  chicks  by  parcel  post,  and 
since  that  year  the  growth  of  the  breeder  and  commercial  hatchery  indus¬ 
try  has  been  nothing  short  of  phenomenal.  There  are  now  over  12,000 
breeder  and  commercial  hatcheries  in  the  United  States  with  a  hatching 
capacity  of  well  over  300,000,000  eggs  at  one  setting.  This  is  sufficient 
egg  capacity  to  produce  over  750,000,000  chicks  if  the  hatcheries  are 
operated  on  the  average  of  two  and  one-half  settings  per  season,  which  is 
customary  in  normal  times. 

Successful  Hatchery  Operation. — In  order  to  operate  a  hatchery  most 
successfully  certain  principles  of  fundamental  importance  must  be  kept  in 
mind.  The  various  items  that  determine  the  results  from  the  operation 
of  a  hatchery  would  include: 

1.  The  knowledge  the  hatchery  operator  possesses  concerning  poultry 
and  the  poultry  industry.  The  greater  the  poultry  knowledge  the  hatch¬ 
ery  operator  possesses  the  more  likely  is  he  to  command  respect  and 
confidence  among  farmers  and  poultrymen  who  buy  chicks. 

2.  A  pleasing  personality  is  an  important  factor  in  enabling  the 
hatchery  operator  to  command  the  respect  of  the  flock  owners  supplying 
eggs  to  his  hatchery. 

3.  Good  business  ability  is  most  essential  in  successful  hatchery 
operation  not  only  from  the  standpoint  of  keeping  accurate  records  of 
expenses  and  receipts  in  the  operation  of  the  hatchery  but  also  from  the 
standpoint  of  selling  his  chicks  to  best  advantage.  To  ignore  the  vital 
necessity  of  keeping  complete  records  in  the  operation  of  a  hatchery  is  to 
invite  failure.  In  order  to  manage  a  hatchery  most  efficiently  the  hatch¬ 
ery  operator  must  practice  sound  business  methods. 
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4.  The  location  of  the  hatchery  is  an  important  factor  in  determining 
success,  for  the  simple  reason  that  most  of  the  chicks  are  sold  locally. 
Therefore,  the  hatchery  should  be  located  where  there  is  likely  to  be  a 
good  demand  for  chicks  within  a  radius  of  approximately  50  miles  from 
the  hatchery. 

5.  The  hatchery  plant  should  be  attractive  in  appearance,  both  out¬ 
side  and  inside,  should  be  kept  clean  and  sanitary,  and  should  be 
so  arranged  as  to  promote  the  greatest  efficiency  in  its  operation.  Pro¬ 
spective  purchasers  of  chicks  often  pass  judgment  on  the  chicks  produced 


Fig.  65. — Producing  chicks  by  the  thousands  at  a  commercial  hatchery.  Here  is 
shown  a  series  of  mammoth  incubators  of  the  forced-draft  type  of  air  circulation.  (Photo¬ 
graph  by  Smith  Incubator  Co.) 


by  the  appearance  of  the  hatchery  plant.  The  layout  of  the  hatchery 
plant  should  provide  for  the  convenience  of  flock  owners  delivering  their 
eggs  and  for  chick  customers. 

The  office  should  be  in  a  separate  room,  and  if  possible  the  machines 
in  which  the  chicks  are  hatched  should  be  kept  in  a  separate  room  from 
that  containing  the  incubators  in  which  the  eggs  are  incubated  up  to  the 
eighteenth  day.  A  large  hatchery  plant  should  provide  an  egg-receiving 
and  -traying  room  where  the  eggs  are  received  from  the  flock  owners, 
sorted,  and  t rayed.  This  room  should  be  kept  cool  at  all  times  so  that 
the  eggs  are  maintained  in  a  temperature  of  about  55°,  and  the  air  should 
have  a  relative  humidity  of  about  60  per  cent.  The  general  supply  room 
in  which  egg  cases  and  chick  boxes  are  kept  should  also  be  separate  from 
the  incubating  and  hatching  rooms.  There  should  be  a  chick-sorting 
and  -shipping  (room. 
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Cement  floors  with  drains  are  most  desirable  for  the  incubator  rooms 
because  they  can  be  kept  clean  and  sanitary  and  also  because  they  can  be 
watered  for  the  purpose  of  maintaining  the  proper  degree  of  relative 
humidity.  The  incubators  should  be  placed  on  bases  so  that  the  bottom 
of  the  incubator  is  2  or  3  in.  above  the  floor. 

The  proper  ventilation  of  the  incubating  and  hatching  rooms  is  imper¬ 
ative  in  order  to  provide  the  embryos  and  chicks  with  a  sufficient  supply 
of  oxygen  and  to  remove  the  carbon  dioxide  liberated  by  the  embryos  and 
chicks.  The  cooperation  of  the  incubator  manufacturer  should  be  sought 
with  respect  to  providing  adequate  ventilation  for  the  incubators  installed. 

The  temperature  of  the  incubating  and  hatching  rooms  should  be  kept 
as  near  70°  as  possible. 

The  Egg  Supply  . — Since  the  majority  of  hatchery  operators  do  not 
possess  flocks  of  sufficient  size  to  produce  all  the  eggs  for  the  hatchery,  it 
is  necessary  for  them  to  purchase  eggs  from  a  number  of  flock  owners. 
Therefore,  it  is  obvious  that  if  the  hatchery  operator  is  to  secure  the  best 
results  in  hatching  he  must  take  a  vital  interest  in  the  quality  of  eggs 
produced  by  the  flocks  from  which  he  secures  hatching  eggs. 

One  of  the  most  important  things  for  the  hatchery  operator  to  keep  in 
mind  at  all  times  is  that  the  quality  of  hatching  eggs  cannot  be  improved 
after  they  are  produced.  The  hatchability  of  the  eggs  determines  the 
number  of  chicks  to  be  secured,  assuming  that  conditions  of  incubation 
and  the  management  of  the  hatchery  are  ideal.  Good  chicks  cannot  be 
hatched  from  poor  eggs.  Furthermore,  poor-quality  chicks  usually 
require  more  replacements  and  give  rise  to  more  dissatisfied  customers; 
repeat  orders  decrease,  and  the  hatcherymards  reputation  is  impaired. 
Therefore,  the  hatchery  operator  is  under  distinct  obligation  to  all  flock 
owners  supplying  eggs  to  his  hatchery  to  cooperate  with  them  in  a  sound 
breeding  and  improvement  program  designed  to  supply  the  hatchery  with 
the  highest  possible  quality  of  hatching  eggs.  This  is  in  the  best  interests 
of  the  hatchery  operator  as  well  as  in  the  best  interests  of  the  flock 
owner. 

One  of  the  very  best  incentives  to  encourage  flock  owners  to  produce 
eggs  of  the  highest  possible  hatchability  is  for  the  hatchery  operator  to 
pay  a  premium  for  the  hatching  eggs  he  receives  from  each  flock  owner 
on  the  basis  of  the  hatching  results  secured  from  week  to  week,  the  pre¬ 
mium  on  the  basis  of  hatchability  being  in  addition  to  the  ordinary 
premium  over  the  price  of  market  eggs. 

For  the  average  hatchery,  approximately  1,000  to  1,200  breeding- 
females  are  needed  for  each  10,000  egg  capacity.  The  number  of  flocks 
required  depends,  of  course,  upon  their  size,  but  it  should  be  obvious  to 
any  hatchery  operator  that  a  flock  owner  having  300  or  400  birds  can  be 
more  readily  induced  to  undertake  a  sound  breeding  and  flock  manage- 
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ment  program  for  the  production  of  high-quality  hatching  eggs  than  a 
flock  owner  having  only  50  or  100  birds. 

Hatchery  operators  should  enter  into  agreements  with  flock  owners 
supplying  eggs  to  their  hatcheries  whereby  the  flock  owner  agrees  to 
furnish  hatching  eggs  of  a  certain  minimum  size,  keep  and  feed  his  flocks 
according  to  the  directions  supplied  by  the  hatchery  operator,  and  have 
the  flock  officially  tested  for  pullorum  disease.  The  most  successful 
hatchery  operators  are  those  who  secure  the  most  complete  cooperation 
of  their  flock  owners  based  on  the  mutual  benefits  accruing  to  all. 

The  Length  of  the  Hatching  Season. — Except  in  those  localities  where 
there  is  an  extensive  commercial  broiler  industry,  most  hatcheries  sell  the 
great  majority  of  their  chicks  between  the  first  of  March  and  the  last  of 
May,  the  peak  of  the  output  being  during  April.  The  hatching  of  chicks 
during  January  and  February  is  sometimes  justified  in  spite  of  the  rela¬ 
tively  high  hatching-egg  costs  and  relatively  lower  hatchability  than  from 
March  to  May  incubation.  Sometimes  January-  and  February-hatched 
pullets  are  liable  to  undergo  an  early  fall  molt.  Moreover,  extremely 
early  hatching  is  very  liable  to  lead  to  a  surplus  of  chicks,  resulting  in 
price  cutting,  which  is  very  bad  for  the  hatchery  industry.  Then,  again, 
June-  and  July-hatched  chicks  are  very  liable  to  give  poor  results  in  the 
hands  of  the  buyers,  because  chick  mortality  is  apt  to  be  higher  and  rate 
of  growth  less  satisfactory  than  in  March-to-May-hatched  chicks.  On 
the  other  hand,  there  is  some  justification  in  selling  fall-hatched  chicks 
to  poultrymen  who  want  their  pullets  to  start  laying  in  the  summer 
months. 

Avoiding  a  Surplus. — One  of  the  cardinal  principles  in  the  successful 
operation  of  a  hatchery  is  to  avoid  the  accumulation  of  surplus  chicks 
beyond  the  number  ordered  for  sale.  Hatchery  operators  should  avoid 
surpluses  by  setting  eggs  according  to  the  number  of  chicks  ordered.  The 
most  successful  operators,  who  have  established  a  reputation  for  the 
quality  of  chicks  they  sell,  usually  have  no  difficulty  in  disposing  of 
the  same  or  an  increasing  number  of  chicks  year  after  year.  It  is  to  the 
hatchery  operator’s  own  advantage  to  set  only  a  sufficient  number  of 
eggs  to  fulfill  the  chick  orders  on  hand,  except  for  a  reasonable  allowance 
for  late  orders. 

Sexing  Chicks. — The  business  of  segregating  males  and  females  among 
day-old  chicks  by  examining  the  rudimentary  copulatory  organs  has 
become  well  established  in  some  sections  of  the  country.  The  sexing  of 
chicks  at  hatcheries  is  carried  on  most  extensively  in  the  commercial 
Leghorn  sections  of  the  Pacific  Coast  states,  where  there  is  usually  a 
limited  market  for  Leghorn  cockerels  as  broilers. 

Success  in  sexing  chicks  depends  upon  one’s  ability  to  distinguish  the 
rudimentary  copulatory  organ  or  process,  which  is  nearly  always  present 
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in  a  well-developed  condition  in  males  but  is  nearly  always  absent  in 
females.  A  considerable  amount  of  training  and  experience  are  necessary 
to  enable  one  to  sex  chicks  with  a  high  degree  of  accuracy  at  a  fast  enough 
rate  to  make  the  undertaking  an  economic  success  at  most  hatcheries. 

Since  several  different  kinds  of  processes  are  encountered  and  the 
technique  of  sexing  is  rather  complicated,  lack  of  space  prevents  a  detailed 
discussion  of  the  various  processes  and  means  of  identifying  them.  The 
proper  training  in  sexing  chicks  can  best  be  obtained  from  a  thoroughly 
experienced  operator. 

Judging  Chicks  for  Quality. — It  has  been  observed  previously  that 
the  quality  of  the  chicks  at  hatching  time  is  determined  largely  by  the 


Fig.  66. — Loading  chicks  at  a  hatchery  for  shipment  by  truck.  ( Hatchery  Tribune.) 

quality  of  the  eggs  from  which  the  chicks  were  hatched  and  by  the  condi¬ 
tions  of  incubation.  Baby-chick  shows  have  become  quite  a  prominent 
feature  in  many  sections  of  the  country  and  are  a  splendid  means  of 
stimulating  interest  in  the  production  of  high  quality  chicks.  The  score 
card  for  judging  chicks,  shown  in  Fig.  67,  is  largely  self-explanatory  and 
serves  to  emphasize  the  more  important  characteristics  that  distinguish 
chicks  of  superior  quality  from  defective  and  otherwise  inferior  chicks. 

Selling  and  Shipping  Chicks. — Selling  the  chicks  produced  at  a  hatch¬ 
ery  plant  to  best  advantage  is  of  paramount  importance  in  the  successful 
operation  of  a  hatchery.  The  chicks  should  be  priced,  of  course,  in 
relation  to  their  quality.  The  selling  of  chicks  below  the  cost  of  produc¬ 
tion  is  distinctly  detrimental  to  the  best  interests  of  the  hatchery  business 
and  the  poultry  industry  and  ought  to  be  discontinued.  Moreover,  the 
shipping  of  chicks  to  chick  auctions  and  shipping  to  fictitious  addresses 
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QUALIFICATIONS  and  POINTS 
(25-Chick  Entry) 

No. 

Cuts 

Per¬ 

fect 

Score 

Entry 

Score 

VIGOR . 

. . 30 . . 

Lacking  in  substance  in  handling.  .  .  .  (Cuts  y  t°  1) 
Lacking  alertness,  and  lacking  full  bright  eyes 

(Cuts  y  to  y2) 

Shanks  small  and  dried  up . (Cuts  y  to  y) 

CONDITION . 

. .30. . 

Chicks  showing  defects: — Side  sprigs,  stubs, 
comb,  off  type;  crooked  legs,  toes,  neck,  or 
back  (Cut  4) 

Imperfectlv-healed  navels . (Cuts  y  to  y) 

Pasty  vents . (Cuts  y  to  1) 

Sticky  hatch  and  short  or  thin  down. .  (Cuts  y  to  1) 

UNIFORMITY  OF  COLOR . 

. . 20 . . 

Down  color  varying  from  standard  or  average 

(Cuts  y  to  y) 

Shank  color  varying  from  standard  or  average 

(Cuts  y  t°  y) 

UNIFORMITY  OF  SIZE . 

.  . 10.  . 

No.  varying  more  than  2  grams  from  average 

(Cut  y) 

WEIGHT — (Standard — 2  lb.  1  oz.  for  25  chicks) 

Ounces  under  weight . (Cut  1  point  per  oz.) 

. . 10. . 

Dead  chicks .  . (Cut  4  points) 

TOTALS . 

.100. 

EXPLANATION  OF  CUTS  IN  JUDGING  CHICKS 

A  cut  of  four  (4)  points  will  be  made  for  each  chick  showing  any  of  the  following: 

1.  Type  of  comb  not  characteristic  of  the  breed. 

2.  Side  sprig  on  comb  of  single-combed  breeds  and  varieties. 

3.  Feathers  on  shanks  or  down  between  toes  of  clean-shanked  varieties. 

4.  Deformed  chicks. 

CONDITIONS  ELIMINATING  CHICKS  FROM  COMPETITION 

An  entry  will  be  eliminated  from  competition  if  generally  inferior  and  lacking 
breed  characteristics,  if  showing  evidence  of  disease;  or  evidence  of  having  been  fed. 


Fig.  67.— Score  ca^rd  for  judging  chicks,  with  the  cuts  to  be  imposed  for  chicks  lacking  in 

various  quality  characteristics. 
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are  practices  that  should  be  prohibited  for  the  simple  reason  that  they 
interfere  unfairly  with  the  legitimate  operations  of  honorable  hatchery 
operators. 

In  the  advertising  and  selling  of  chicks  the  fair-trade  practice  rules 
for  the  baby-chick  industry  of  the  Federal  Trade  Commission  should  be 
followed  implicitly. 

The  successful  selling  of  baby  chicks  depends  first  upon  the  quality 
of  chicks  being  offered  for  sale  and  second  upon  the  ingenuity  of  the 
hatchery  operator.  The  hatchery  operator  who  has  established  a  reputa¬ 
tion  for  selling  high-quality  chicks  that  live  and  do  well  in  the  hands  of 


Fig.  68.— Baby  chicks  are  often  shipped  by  the  carload.  ( Hatchery  Tribune.) 


the  customer  usually  has  no  difficulty  in  maintaining  an  established 
business. 

The  newly  hatched  chicks  should  be  culled  carefully,  preparing  for 
shipment  those  with  bright  eyes,  bright  yellow  beaks  and  shanks  in 
yellow-skin  breeds,  and  pinkish  tinged  beaks  and  shanks  in  white-skin 
breeds,  well  fluffed-out  down,  freedom  from  defects  and  deformities,  and 
well  healed  at  the  vent.  The  shipping  of  high-quality  chicks  to  customers 
is  a  good  investment. 

Chicks  are  usually  shipped  in  boxes  containing  100  chicks,  the  box 
being  divided  into  four  compartments  each  containing  25  chicks.  The 
size  and  dimensions  of  baby-chick  boxes  recommended  for  shipping  baby 
chicks  are  as  follows: 

25-chick  box,  9  by  12  by  6  in.  high,  inside  dimensions. 

50-chick  box,  12  by  15  by  6  in.  high,  inside  dimensions. 

100-chick  box,  18  by  24  by  6  in.  high,  inside  diemnsions. 
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The  chick  boxes  should  be  properly  ventilated  according  to  the  season 
of  the  year. 

The  number  of  boxes  that  can  be  tied  together  for  parcel  post  or 
express  shipment  is  governed  by  regulations  of  the  U.  S.  Post  Office 
Department,  and  these  should  be  followed  in  order  to  secure  the  most 
satisfactory  service  in  the  shipping  of  chicks  by  parcel  post.  Whether 
chicks  are  shipped  by  parcel  post  or  by  express,  they  are  expected  to 
reach  their  destination  within  72  hr.  from  the  time  of  hatching.  Special 
delivery  trucks,  sometimes  equipped  with  a  special  ventilating  device, 
are  used  by  many  hatchery  operators  in  delivering  their  chicks  to 
customers. 

The  Responsibility  of  the  Hatchery  Operator. — The  evolution  of  the 
hatchery  industry  has  demonstrated  that  the  hatchery  operator  is  coming 
to  assume  a  more  dominant  role  than  ever  in  the  future  development  of 
the  industry  simply  because  each  succeeding  year  sees  a  relatively  higher 
proportion  of  the  country’s  chick  population  secured  from  the  breeder 
and  commercial  hatcheryman.  To  a  considerable  extent  the  hatchery 
operator  is  responsible  for  improving  conditions  in  the  poultry  industry 
because  the  quality  of  chicks  produced  by  hatcherymen  determines,  in  a 
large  measure,  the  results  that  farmers  and  commercial  poultrymen  secure 
from  the  chicks  they  purchase.  It  is  obvious,  therefore,  that  the  charac¬ 
ter  of  business  done  by  the  hatchery  operator  has  a  very  direct  bearing 
on  the  future  development  of  the  poultry  industry. 
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CHAPTER  VI 


REARING  PRINCIPLES  AND  PRACTICE 

The  success  achieved  in  rearing  chickens  is  determined,  first,  by  the 
quality  of  chicks  that  have  been  produced  and,  second,  by  the  environ¬ 
mental  conditions,  including  the  kind  of  diet  and  method  of  feeding,  to 
which  the  chicks  are  subjected.  Ideal  methods  of  rearing  will  not  com¬ 
pensate  for  poor  quality  in  the  chicks  at  hatching  time.  On  the  other 
hand,  chicks  of  superior  quality  can  be  severely  damaged  by  improper 
conditions  of  rearing. 

Brooding  is  a  phase  of  rearing  chicks,  being  the  phase  when  the  chicks 
need  heat.  Later  comes  the  further  rearing  of  the  chickens  under  range 
or  battery  conditions.  Whatever  may  be  the  method  employed  during 
the  brooding  season  and  later,  it  is  of  fundamental  importance  that  the 
growing  chicks  be  kept  comfortable,  fed  adequate  diets  to  promote  good 
growth,  and  kept  under  such  environmental  conditions  that  they  will 
produce  the  most  economical  results  for  whatever  purpose  they  may  be 
produced. 


BUYING  DAY-OLD  CHICKS 

Inasmuch  as  the  success  usually  attained  in  brooding  and  the  later 
rearing  of  chicks  is  dependent  upon  the  quality  of  the  chicks,  it  is  most 
important  that  the  purchaser  of  day-old  chicks  take  every  precaution 
possible  to  see  that  chicks  of  the  best  quality  only  are  secured. 

Because  of  the  very  rapid  development  of  the  commercial  and  breeder 
hatchery  business  in  the  United  States,  the  practice  of  buying  chicks 
hatched  commercially  increases  from  year  to  year.  It  is  very  important 
that  those  who  buy  day-old  chicks  from  commercial  hatching  establish¬ 
ments  pay  particular  attention  to  the  kind  of  hatchery  from  which  they 
purchase  their  chicks. 

The  quality  of  chick  produced  in  a  hatchery  is  determined  to  a  large 
extent  by  the  quality  of  eggs  used  in  the  hatchery  and  the  methods 
employed  in  incubation.  Day-old  chicks  of  the  highest  quality  are 
produced  in  those  hatcheries  where  the  breeders  in  the  breeding  flocks 
producing  the  eggs  for  the  hatchery  are  selected  carefully,  only  the  best 
birds  being  used  as  breeders.  The  breeders  should  always  be  in  the  best 
of  health,  and  should  be  tested  for  the  pullorum  disease,  and  the  poultry 
plants  should  be  kept  in  sanitary  condition  at  all  times.  The  eggs  sent 
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to  the  hatcheries  should  be  of  good  size,  as  well  as  uniform  in  shape,  shell 
color,  and  shell  texture.  The  hatcheries  should  be  kept  in  strictly  sanitary 
condition  at  all  times,  and  the  management  of  the  incubator  should  be 
such  as  to  produce  chicks  of  the  highest  possible  quality.  Before  placing 
an  order  for  day-old  chicks,  buyers  should  make  a  careful  inquiry  con¬ 
cerning  flock  management  and  hatchery-operation  methods  employed 
by  the  hatchery  operator. 

The  proper  time  to  buy  chicks  depends,  of  course,  upon  the  purpose  for 
which  the  chicks  are  being  bought.  Most  chicks  bought  by  farmers  and 
commercial  poultrymen  are  obtained  for  the  purpose  of  raising  pullets  as 
replacements  in  the  laying  flock.  In  order  to  have  the  pullets  begin  lay¬ 
ing  in  September  and  October,  Leghorn  chicks  should  be  purchased  from 
about  Mar.  15  to  May  1,  and  chicks  of  the  larger  breeds  should  be  pur¬ 
chased  from  about  Mar.  1  to  Apr.  15. 


{Holmes,  Pigott ,  and  Campbell,  1932.) 

SECURING  GOOD  GROWTH 


The  fundamental  problem  of  importance  in  the  rearing  of  chicks  is  to 
secure  the  optimum  rate  of  growth  and,  at  the  same  time,  have  a  minimum 
amount  of  mortality.  In  order  to  attain  these  objectives  certain  factors 
pertaining  to  the  growth  of  chicks  should  be  kept  in  mind  because  they 
have  an  important  bearing  on  management  problems  involved  in  brooding 
and  rearing. 

In  the  first  place,  it  should  be  borne  in  mind  that  cockerels  grow 
faster  than  pullets,  as  shown  in  Fig.  69,  so  that  allowance  should  be  made 
in  providing  brooder  capacity  when  “sexed”  chicks  are  bought.  In  the 
second  place,  it  is  well  to  remember  that  chicks  of  the  heavier  breeds,  such 
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as  Plymouth  Rocks  and  Rhode  Island  Reds,  increase  in  body  weight  at 
a  faster  rate,  as  shown  in  Fig.  70.  It  follows,  therefore,  that  relatively 


Fig.  70. — Normal  growth  curves  for  White  Leghorn,  White  Plymouth  Rock,  and  Rhode 
Island  Red  pullets,  showing  that  the  chicks  of  the  heavier  breeds  increase  in  weight  more 
rapidly  than  Leghorn  chicks.  ( Kempster  and  Parker,  1936.) 


Fig.  71. — Showing  the  relation  of  average  monthly  temperature  to  the  percentage  of 
normal  monthly  gains  in  weight  of  pullets.  Hot  summer  weather  tends  to  retard  growth. 
( Kempster  and  Parker,  1936.) 

more  space  must  be  provided  for  chicks  of  the  larger  breeds  than  for  those 
of  the  smaller  breeds.  In  the  third  place,  it  has  been  shown  that  exces¬ 
sively  hot  'weather  tends  to  retard  growth,  so  that  ample  shade  and 
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well-ventilated  brooding  and  rearing  houses  are  of  great  importance  if 
the  optimum  rate  of  growth  is  to  be  obtained. 

The  Missouri  Agricultural  Experiment  Station  has  demonstrated  that 
April-  and  May-hatched  chicks  do  not  grow  so  well  during  the  first  20 
weeks  as  February-  and  March-hatched  chicks.  The  high  temperatures 
that  usually  prevail  in  the  southern  sections  of  the  United  States  during 
the  summer  months  tend  to  retard  growth,  as  shown  in  Fig.  71.  At  28 
to  32  weeks,  however,  the  later  hatched  chicks  had  attained  approxi¬ 
mately  the  same  body  weight  as  the  earlier  hatched  chicks. 

For  the  purpose  of  securing  egg  production  from  pullets  when  the 
yearling  and  older  hens  are  molting,  during  June,  July,  and  August,  some 
poultrymen  purchase  chicks  in  November  and  December.  Fall  or  winter 
chicks  require  more  careful  management  than  chicks  bought  during  the 
spring  months. 

Chicks  for  broiler  production  are  sold  the  year  round,  many  broilers 
now  being  brooded  in  batteries  in  confinement. 

NATURAL  BROODING 

The  brooding  of  chicks  with  hens  is  still  practiced  on  many  farms  and 
by  those  raising  only  a  few  chicks  in  the  backyards  in  towns  and  cities. 
Success  in  raising  chicks  with  hens  is  dependent  largely  upon  the  careful 
attention  given  to  details  of  management.  It  is  best  that  the  hen  remain 
on  the  nest  and  brood  the  chickens  for  about  a  day  after  they  are  hatched. 
When  giving  chickens  to  a  hen  that  already  has  some  to  brood  it  is  best 
to  add  chicks  of  the  same  color  and  age  as  those  already  with  her,  because 
some  hens  often  peck  the  late  arrivals  if  they  are  of  a  color  different  from 
those  already  being  brooded. 

Depending  upon  her  size,  a  hen  will  brood  from  12  to  15  chickens 
successfully  early  in  the  season  and  from  15  to  20  in  warm  weather. 
Chicks  hatched  during  the  cold  weather  of  winter  should  be  brooded  in  a 
house  or  shed;  but  after  the  weather  becomes  more  favorable  they  should 
be  brooded  out  of  doors,  using  brood  coops  to  confine  the  hens.  Brood 
coops  should  be  made  so  that  the  chicks  can  run  in  and  out  at  will  but 
closed  at  night  to  keep  out  cats,  rats,  and  other  animals;  there  should  be 
ventilation,  however,  enough  to  give  the  hen  and  chicks  plenty  of  fresh 
air.  The  construction  of  brood  coops  should  be  such  as  to  permit  them 
to  be  cleaned  easily  and  disinfected  thoroughly. 

The  hen  should  be  confined  in  the  coop  until  the  chicks  are  weaned, 
the  chicks  being  allowed  free  range  after  they  are  a  few  days  old.  The 
coop  should  be  large  enough  to  give  the  hen  plenty  of  freedom  and  keep 
her  in  good  physical  condition.  It  is  well  to  move  the  coop  to  fresh 
ground  at  least  once  a  week  to  prevent  the  soil  from  becoming  contami¬ 
nated  and  to  give  the  hen  fresh  green  feed  regularly. 
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ARTIFICIAL  BROODING  ON  RANGE 

Artificial  brooding  is  recommended  for  practically  all  poultry  raisers, 
especially  where  considerable  numbers  of  chicks  are  to  be  raised.  The 
use  of  a  brooder  reduces  the  amount  of  labor  required  in  brooding  chicks 
and  is  more  economical  when  a  few  hundred  or  more  chicks  are  raised 
annually.  Also,  when  the  chicks  are  hatched  in  incubators  or  when  day- 
old  chicks  are  bought  from  a  commercial  hatchery,  the  brooding  of  chicks 
with  brooders  is  a  practical  necessity. 

Brooders  may  be  classified  as  follows:  lamp  brooders  holding  from 
25  to  100  chicks;  electric  brooders  of  various  sizes,  accommodating  from 
50  to  500  chicks;  stove  brooders  heated  by  coal,  kerosene,  or  distillate 
oil,  with  a  capacity  varying  from  200  to  1,000  chicks;  hot-water-pipe 


Fig.  72. — An  electric  brooder  of  the  convection  type.  Heavily  insulated  hover  with 

double-zone  brooding  space.  ( Lyon  Electric  Co.) 

systems,  the  capacity  of  which  is  unlimited;  and  battery  brooders  espe¬ 
cially  designed  for  brooding  chicks  in  confinement. 

Lamp  Brooders. — Lamp  brooders  usually  use  kerosene  oil  as  the 
source  of  heat.  The  danger  from  fire  caused  by  carelessness  or  lack  of 
proper  attention  makes  it  practically  necessary  to  use  lamp  brooders  in 
small  brooder  houses  located  at  some  distance  from  larger  buildings.  In 
attending  the  lamp,  care  should  be  taken  to  keep  the  wick  and  burner 
properly  cleaned.  Brooder  lamps  should  be  inspected  several  times  a 
day.  Do  not  fill  the  lamp  entirely  full  of  oil,  because  the  heat  from  the 
lamp  will  expand  the  oil  in  the  bowl  and  may  cause  it  to  overflow  and 
catch  fire. 

Electric  Brooders. — Electric  brooders  are  being  used  more  extensively 
each  succeeding  year,  especially  in  those  sections  where  the  cost  of  electric 
current  is  comparatively  low.  The  current  must  be  dependable  at  all 
times  during  the  brooding  season,  because  if  it  is  off  for  a  few  hours  the 
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chicks  may  become  chilled,  and  high  mortality  result.  In  many  sections 
of  the  country,  especially  where  chicks  are  brooded  early  in  the  season,  it 
is  necessary  sometimes,  though  not  always,  to  heat  the  brooder  room  with 
an  auxiliary  heating  system  to  60  to  70°  in  order  to  maintain  the  proper 
temperature  under  the  hover  of  an  electric  brooder.  The  most  recent 
innovation  in  the  manufacture  of  electric  brooders  has  been  the  installa¬ 
tion  of  a  fan  in  the  ventilating  shaft  of  each  brooder  for  the  purpose  of 
maintaining  an  even  temperature  and  to  remove  excessive  moisture  which 
may  otherwise  accumulate  under  the  hover. 


Fig.  73 — Xhe  coal-burning  brooder  stove  is  one  of  the  most  successful  ways  of  brooding 
chicks  in  colony-brooding  houses,  where  the  chicks  are  given  range.  ( Buckeye  Incubator 
Co.) 


Stove  Brooders. — Brooders  heated  by  coal  are  coming  into  very 
general  use  everywhere,  especially  where  hard  coal  is  readily  available, 
while  similar  brooders  heated  with  engine  distillate  oil  are  used  extensively 
on  the  Pacific  Coast.  These  brooder  stoves  have  a  capacity  of  about  250 
to  1,000  chicks  each,  but  the  brooding  of  not  more  than  250  chicks  in  one 
flock  usually  gives  better  results  than  when  larger  numbers  are  brooded 
together. 

Most  of  these  stoves  have  hovers,  although  a  few  of  the  oil  stoves  do 
not,  those  with  a  hover  being  preferable.  The  use  of  hard  coal  of  chestnut 
size  is  advised  for  the  coal-burning  brooder  stoves,  although  in  some 
sections  where  hard  coal  can  not  be  obtained  and  soft  coal  is  abundant, 
the  latter  may  be  used,  but  in  that  case  the  brooder  requires  more  fre¬ 
quent  attention.  Most  of  the  oil  brooders  are  equipped  with  a  wafer 
regulator  which  controls  the  flow  of  oil,  which  is  fed  automatically  from 
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a  tank  or  barrel  outside  the  house.  Several  stoves  may  be  connected 
with  the  same  supply  tank.  Brooder  stoves  heated  by  kerosene  are 
used  somewhat  in  the  East,  but  their  use  is  not  nearly  so  common  as  that 
of  the  coal-heated  brooders,  and  they  have  not  proved  to  be  so  satisfac¬ 
tory.  In  the  colder  parts  of  the  country  it  is  frequently  difficult  to  get 
heat  enough  from  kerosene-heated  stoves  when  brooding  chicks  early  in 
the  season.  More  recently,  stove  brooders  have  been  manufactured 
that  are  adaptable  for  burning  wood. 

Homemade  Brooders. — In  some  sections  of  the  country  where  hard 
coal  is  difficult  to  obtain  and  the  rates  for  electric  current  are  high,  home¬ 
made  brooders  have  been  devised  which  burn  wood  or  soft  coal.  Most 
of  the  homemade  brooders  use  wood  as  the  source  of  heat.  They  have 
proved  to  be  particularly  popular  throughout  the  South. 

Selecting  a  Brooder. — The  selection  of  the  brooder  is  a  very  important 
matter  because  the  successful  brooding  of  chicks  is  frequently  a  difficult 
problem.  Cheap,  unreliable  brooders  may  easily  ruin  many  broods  of 
good  chicks.  A  reliable  make  will  more  than  repay  the  difference  in  cost 
between  it  and  a  poor  one  in  the  first  brooding  season  through  lessened 
mortality  and  better  growth  of  the  chicks.  Above  all,  be  sure  that  the 
brooder  is  made  of  good  material  and  that  the  thermostat  is  well  made. 
The  latter  is  a  particularly  important  feature,  because  a  poorly  made 
thermostat  or  one  that  gets  out  of  order  readily  may  allow  the  tempera¬ 
ture  to  rise  until  the  brood  of  chicks  is  ruined  or  to  drop  so  low  that  the 
chicks  become  chilled. 

Starting  the  Brooder. — Chickens  are  usually  left  in  the  incubator  from 
24  to  36  hr.  after  hatching,  without  feeding,  before  they  are  removed  to 
the  brooder,  which  should  have  been  in  operation  3  or  4  days  at  the  proper 
temperature  for  receiving  chickens.  A  beginner  should  try  his  brooding 
system  carefully  before  he  uses  it.  Early  mortality  in  chicks  is  frequently 
a  result  of  the  chilling  they  receive  while  they  are  being  taken  from  the 
incubator  to  the  brooder  and  also  the  result  of  not  having  the  brooder 
running  properly  when  they  are  first  put  under  the  hover.  In  cool  or 
cold  weather  the  chicks  should  be  moved  in  a  covered  basket  or  other 
receptacle. 

The  floor  of  the  brooder  house  should  be  covered  with  about  1  in.  of 
cut  clover,  alfalfa,  straw,  or  shavings.  In  case  neither  cut  clover  nor 
alfalfa  can  be  obtained,  sand  may  be  used,  although  if  the  chicks  are  not 
fed  properly  they  are  inclined  to  eat  the  sand,  and  that  sometimes  causes 
loss.  The  litter  should  be  removed  frequently,  as  cleanliness  is  essential 
in  raising  chicks. 

At  first  when  chicks  are  put  into  the  brooder  they  should  be  confined 
under  or  around  the  hover  by  placing  a  board  or  wire  frame  or  guard  a  few 
inches  outside.  The  fence  or  guard  should  be  moved  farther  and  farther 
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from  the  hover  and  discarded  entirely  when  the  chicks  are  3  or  4  days 
old  or  when  they  have  learned  to  return  to  the  source  of  heat.  The  chicks 
should  be  watched  closely  to  see  that  they  do  not  huddle  or  get  chilled. 
If  they  begin  the  bad  habit  of  toe  picking,  remove  the  wounded  ones  and 


Sug gestions  for  Constructing  Metal  Doors 

a  a,  ,  Figures  B  ,C-  Defa) Vs  of a  o/o°r  hung  on  hinges. 

ng.A  A  door  he/d  Sheet  metal  doors  with  revolving  damper 

m  place  by  br/cks  use  same  size  anot  spacing  of  openings  in  both 

o/amper  and  door 


Fig.  74. — Brick  brooder  stove  for  burning  wood  or  coal.  The  grate  and  one  course  of  brick 
may  be  omitted  if  coal  is  not  to  be  used.  (Humphrey  and  Kelley,  1936.) 

paint  their  toes  wdth  tar.  Getting  the  chicks  outdoors  will  serve  to  check 
the  habit. 

Regulating  the  Temperature. — The  best  temperature  at  which  to  keep 
a  brooder  depends  on  the  position  of  the  thermometer,  the  type  of  the 
hover,  the  age  of  the  chicks,  and  the  weather  conditions.  Aim  to  keep 
the  chicks  comfortable.  When  too  cold  they  will  crowd  together  and 
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try  to  get  nearer  the  heat.  If  it  is  found  in  the  morning  that  the  drop¬ 
pings  are  well  scattered  under  the  hover  it  is  an  indication  that  the  chicks 
have  had  heat  enough.  If  the  chicks  are  comfortable  at  night  they  spread 
out  under  the  hover  of  the  brooder,  and  the  heads  of  some  protrude  from 
under  it.  Too  much  heat  causes  them  to  pant  and  gasp  and  sit  with 
their  mouths  open.  Excessive  heat  tends  to  weaken  their  vitality. 

It  is  impracticable  to  state  the  temperature  at  which  brooders  of  each 
type  should  be  kept.  In  most  cases  the  brooder  should  be  run  at  about 
100°F.  at  about  2  in.  above  the  floor,  when  the  chicks  are  first  put  in,  and 
the  stove  brooders  should  be  kept  at  that  temperature  for  the  first  few 
days,  because  the  chicks  are  able  to  adjust  themselves  to  the  heat,  moving 
nearer  or  farther  from  the  heat,  according  to  the  outside  temperature. 


Fig.  75. — One  section  of  a  continuous  hot-water-pipe  brooding  system.  ( Shenandoah  Mfg. 

Co.) 


The  temperature  is  lowered,  of  course,  as  the  spring  season  advances  and 
as  the  chicks  begin  to  feather  out.  Experienced  operators  usually  regu¬ 
late  the  temperature  by  the  condition  and  behavior  of  the  chicks  from 
day  to  day. 

Maintaining  the  proper  temperature  on  windy  nights  is  frequently  a 
problem  when  coal-burning  and  wood-burning  brooders  are  used.  If  the 
fire  goes  out  during  the  night  because  of  too  much  draft,  the  chicks  are 
certain  to  become  chilled  and  are  likely  to  pile  up  in  one  corner  of  the 
brooder  house.  A  well-constructed,  automatic  wind  damper  set  in  the 
stovepipe  will  greatly  decrease  the  tendency  of  the  fire  to  go  out,  because 
the  wind  damper  opens  with  the  increasing  draft  that  is  caused  by  a 
strong  wind. 

The  use  of  electric  brooders  requires  a  dependable  supply  of  electric 
current  at  all  times  during  the  brooding  season.  An  alarm  system  should 
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be  installed  to  warn  of  any  interruption  in  the  current  supply.  In  using 
electric  brooders  the  following  points  should  be  kept  in  mind  from  the 
standpoint  of  the  safety  of  the  operator.  One  should  never  attempt  to 
work  with  a  “hot,”  or  “live,”  circuit.  Open  the  circuit  switch  or  remove 
the  circuit  fuses  first;  while  110  volts  will  seldom  injure  one,  there  are 
conditions  under  which  it  may  do  harm.  All  electric  wires  should  be 
considered  hot  unless  the  circuits  have  been  opened  or  are  known  to  be 
open.  A  shock  received  from  the  ordinary  electrical  appliances  generally 
indicates  poor  electrical  insulation.  One  should  never  work  with  a  power 


Fig.  76. — The  hot-water-pipe  brooding  system  is  used  by  many  poultrymen,  both  for 
the  production  of  broilers  and  for  the  raising  of  pullets  for  egg  production.  ( Shenandoah 
Mfg.  Co.) 


circuit  when  standing  on  wet  ground  or  wet  floors  or  when  in  water  or 
allow  the  body  to  become  a  part  of  a  circuit;  the  body  can  form  a  circuit 
either  to  “ground”  or  to  the  opposite  power  “leg.”  It  should  always  be 
remembered  that  both  legs  of  an  alternating-current  circuit  as  usually 
operated  are  live.  The  circuits  should  be  fused  on  both  legs  and  for 
about  125  per  cent  of  full  load.  These  fuses  will  protect  the  electrical 
apparatus  and  the  circuit. 

Where  the  electric  current  is  dependable  at  reasonable  rates,  the  use 
of  electric  brooders  is  to  be  recommended  chiefly  because  an  even  tem¬ 
perature  can  be  maintained  and  the  temperature  can  be  lowered  gradually 
according  to  the  age  of  the  chicks  and  the  season  of  the  year.  A  well- 
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insulated  brooder-house  floor  is  of  vital  importance  in  the  successful 
operation  and  most  efficient  use  of  electric  brooders. 

While  it  is  very  important  to  provide  proper  temperature  under  the 
hover  during  the  period  of  brooding,  it  is  also  important  to  provide  proper 
temperature  in  the  brooder  house.  The  house  temperature  should  be 
approximately  60°F.  during  the  first  3  or  4  weeks  of  brooding. 

Providing  Ventilation. — The  proper  ventilation  of  the  brooder  is 
necessary,  since  water  vapor  and  carbon  dioxide  given  off  by  the  chicks 
tend  to  accumulate  beneath  the  hover  of  the  brooder  when  curtains  are 
used  or  when  the  ventilation  is  restricted. 


Fig.  77. — Teaching  the  chicks  to  roost  early  is  not  only  the  best  way  of  insuring  their 
comfort  but  also  reduces  mortality.  (U.  S.  Dept.  Agr.) 


Oil-heated  portable  hovers  are  usually  so  constructed  that  they  radiate 
heat  from  a  drum  and  heat  the  air  under  the  hover,  the  cooler  air  being 
forced  out.  Coal-burning  and  wood-burning  brooders  also  usually  pro¬ 
vide  for  good  circulation  of  air,  inasmuch  as  the  hover  acts  as  a  deflector. 
Unless  a  hover  has  a  positive  system  of  fresh-air  ventilation,  however,  it 
should  not  sit  closer  than  about  4  in.  above  the  floor,  and  if  curtains  are 
used  they  should  hang  about  2  in.  above  the  floor  and  should  be  raised 
as  the  chicks  increase  in  size. 

Providing  adequate  ventilation  under  the  hover  is  particularly  impor¬ 
tant  when  electric  brooders  are  used.  From  the  standpoint  of  ventila¬ 
tion,  there  are  two  types  of  electric  brooders,  one  ventilated  by  the  gravity 
system,  and  the  other  by  the  electric-fan  forced-air  system.  The  gravity- 
ventilated  brooder  is  provided  with  an  adjustable  flue  which  may  be 
closed  or  opened  to  control  the  circulation  of  air.  The  fan-forced-air 
ventilated  brooder  is  provided  with  a  small  electric  fan  at  the  top  of  the 
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hover,  air  being  forced  into  the  hover  from  above.  From  results  secured 
at  the  California  Agricultural  Experiment  Station,  it  was  found  that  a 
flow  of  2  cu.  ft.  of  air  per  minute  for  every  100  chicks  was  necessary  to  keep 
the  hover  reasonably  dry  until  the  chicks  were  3  weeks  old.  Since  the 
adequate  ventilation  of  electric  brooders  is  so  important,  the  directions 
supplied  by  the  manufacturers  should  be  followed. 

Providing  Plenty  of  Room. — It  is  a  common  practice  on  the  part  of 
many  to  brood  too  many  chicks  together.  When  it  is  realized  that  chicks 
usually  double  their  original  weight  in  less  than  2  weeks,  it  is  readily 
understood  how  quickly  they  may  become  overcrowded  if  too  many  are 
placed  under  the  brooder  at  the  start.  The  larger  the  number  of  chicks 
brooded  together  usually  the  slower  the  growth  and  the  greater  the 
mortality. 

Most  of  the  brooders  on  the  market  are  overrated  as  to  the  optimum 
number  of  chicks  they  can  accommodate.  Leghorn  chicks  require  from 
7  to  10  sq.  in.  each,  and  chicks  of  the  larger  breeds  require  from  10  to 
12  sq.  in.  each,  of  floor  space  under  the  hover.  Since  a  hover  56  in.  in 
diameter  has  a  hover  area  of  2,463  sq.  in.,  this  size  of  brooder  would 
accommodate  250  Leghorn  chicks  and  225  chicks  of  the  larger  breeds. 
The  brooding  capacity  of  brooders  of  other  sizes  should  be  determined 
on  the  same  basis.  Moreover,  brooding  chicks  in  lots  not  to  exceed  250 
promotes  better  growth,  and  there  is  usually  less  mortality  than  when 
chicks  are  brooded  in  larger  numbers. 

The  brooder  house  should  provide  plenty  of  room,  a  minimum  of  50  sq. 
ft.  floor  space  per  100  chicks  being  found  necessary  for  best  results. 

Table  30.- — Per  Cent  Chick  Mortality  in  Relation  to  Floor  Space  per  100 


Chicks 

(Buster  and  Newlon,  1924) 


Floor  space  per  100  chicks,  square  feet 

Number  of 
chicks 

Mortality 

Per  cent 
mortality 

Less  than  35 . 

73,007 

19,254 

26.3 

35.0  to  49.9 . 

25,371 

4,122 

16.2 

50.0  and  over . 

25,044 

3,484 

13.1 

A  56-in.  hover  with  250  Leghorn  chicks  would  require  a  brooder  house 
having  at  least  125  sq.  ft.  floor  space,  and  the  same  hover  with  200  chicks 
of  the  larger  breeds  should  be  in  a  house  of  about  the  same  size  for  the 
simple  reason  that  at  6  and  8  weeks  of  age  these  chicks  are  larger  than 
Leghorn  chicks. 

When  the  chickens  are  fairly  well  feathered,  low  roosts  should  be 
placed  in  the  rear  of  the  brooder  house.  The  chicks  will  soon  learn  to 
roost,  and  this  will  prevent  overcrowding  on  the  floor.  Moreover,  by 
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encouraging  early  roosting,  the  chicks  are  more  likely  to  secure  an  abun¬ 
dant  supply  of  fresh  air  each  night.  It  is  advisable  to  place  wire  netting 
under  the  roosts  to  keep  the  chicks  from  scratching  in  the  manure. 


Fig.  78. — A  device  for  teaching  chicks  to  roost  while  quite  young.  ( Shoup ,  1927.) 


Fig.  79. — Chick  roosts  arranged  in  the  brooder  house  to  encourage  early  roosting.  Wire 
netting  prevents  the  chicks  from  crowding  into  the  corners  and  keeps  the  chicks  away  from 
the  droppings.  (III.  Agr.  Exp.  Sta .) 

Separate  the  Sexes  Early. — The  sexes  should  be  separated  at  about  8 
weeks  of  age  in  order  to  give  the  growing  pullets  as  much  room  as  possible 
to  develop  into  good  layers.  The  pullets  should  then  be  placed  on  land 
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over  which  other  birds  have  not  ranged  that  season.  The  cockerels  may 
be  sold  at  separating  time  as  broilers  or  kept  to  be  sold  later  as  fryers  or 
roasters. 

Maintain  Dry  Litter. — A  dry  floor  and  dry  litter  in  the  brooder  house 
are  very  necessary  in  order  to  keep  the  chicks  in  good  health  and  to 
promote  the  best  rate  of  growth.  Particular  care  must  be  exercised  in 
keeping  the  litter  dry  when  electric  brooders  are  used.  Dampness  is 
conducive  to  the  spread  of  disease,  especially  such  as  coccidiosis. 

On  the  other  hand,  a  word  of  caution  is  necessary  against  having  the 
atmosphere  of  the  brooder  house  too  dry.  This  sometimes  occurs  when 
homemade  brooders  are  used,  in  which  case  a  pan  or  pail  of  water  placed 
on  top  of  the  brooder  will  overcome  the  difficulty. 

Disinfect  Frequently. — Disease  organisms  of  various  kinds  are  sooner 
or  later  bound  to  gain  access  to  the  brooding  quarters  so  that  regular  and 
thorough  disinfection  of  the  brooders  and  brooding  equipment  is  a  vital 
necessity.  The  interior  arrangements  of  the  brooding  quarters  should  be 
such  that  all  exposed  surfaces  may  be  properly  cleaned  and  thoroughly 
disinfected.  For  information  on  disinfection  see  the  chapter  on  Disease 
Prevention. 


REARING  ON  RANGE 

The  amount  of  range  to  be  provided  for  the  growing  stock  is  a  very 
important  matter.  Too  often  insufficient  range  is  provided,  with  the 
result  that  the  land  soon  becomes  bare  and  polluted  with  droppings 
containing  worm  eggs  and  disease  organisms.  For  each  100  chicks  there 
should  be  range  available  amounting  to  approximately  100  by  100  ft.,  and 
this  range  should  be  kept  with  a  fresh  green  crop.  After  the  chickens 
have  been  removed  from  the  houses,  the  land  in  the  immediate  vicinity 
should  be  limed  heavily,  ploughed,  and  sown  to  a  green  crop  to  be  ready 
for  chicks  again  in  2  years  if  this  range  is  required  in  that  time.  It  is 
advisable  to  rear  young  stock  on  land  that  has  not  been  used  the  previous 
year. 

Not  only  does  a  good  grass  range  for  growing  chickens  provide  succu¬ 
lent  green  feed  and  prevent  soil  erosion,  but  the  nutritive  value  of  the 
grass  grown  on  such  range  is  enriched.  Some  very  interesting  observa¬ 
tions  have  been  made  on  the  improvement  of  Downland  pastures  in 
England  after  poultry  had  been  kept  on  them  for  some  time.  There 
was  a  marked  increase  in  the  crude  protein,  silica-free  ash,  and  phosphoric 
acid  contents  of  both  spring  and  autumn  herbage. 

Range  Shelters. — In  many  sections  of  the  country  range  shelters  are 
used  extensively  for  protection  for  the  growing  stock  during  the  summer 
months,  a  common  form  of  range  shelter  being  shown  in  Fig.  80.  They 
are  usually  of  sufficient  size  to  be  portable  and  are  built  of  wire  netting 
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on  the  four  sides.  They  are  used  on  many  farms  and  commercial  poultry 
plants  where  the  chicks  have  been  brooded  in  confinement  or  semicon¬ 
finement  for  about  8  weeks,  and  then  the  range  shelters  are  used. 

Proper  Growing  Conditions. — After  the  sexes  are  separated,  the  pullets 
should  be  gone  over  rigidly  from  time  to  time  in  order  to  remove  any 
unthrifty  ones.  The  growth  of  the  pullets  to  maturity  should  proceed 
without  interruption,  because  checking  the  growth  at  any  stage  may 
retard  laying. 

The  house  in  which  the  pullets  are  kept  should  be  provided  with 
plenty  of  ventilation  without  being  drafty.  Comfort  during  the  nights 
is  of  paramount  importance,  and  if  the  pullets  are  kept  in  the  houses  in 


Fig.  80. — Range  shelter  for  growing  chicks  during  the  summer  months.  It  provides 
shade  during  the  daytime  and  abundance  of  ventilation  at  night.  The  structure  is  12  ft. 
wide  by  10  ft.  deep.  ( N .  J.  Agr.  Ext.  Service.) 

which  they  were  brooded,  then  adequate  ventilation  by  having  windows 
on  at  least  two  sides  of  the  house  is  necessary. 

Good  range  on  a  grass  sod  is  very  effective  in  providing  proper  growing 
conditions.  A  good  grass  sod  provides  sanitation  and  an  abundance  of 
succulent  green  feed,  and  thus  the  pullets  are  kept  in  the  best  possible 
state  of  health. 

Rearing  conditions  for  the  cockerels,  especially  when  they  are  kept  as 
breeders,  should  be  such  as  to  promote  the  best  possible  growth.  The 
cockerels  should  be  provided  with  good  range  shelters  or  good  housing 
conditions  and  good  range.  The  cockerels  ought  to  be  reared  as  free  as 
possible  from  parasites  and  disease,  and  this  can  be  done  best  on  clean 
grass  sod  or  other  clean  range. 

Importance  of  Sanitation. — Inasmuch  as  it  has  been  demonstrated 
many  times  over  that  the  results  secured  in  brooding  and  subsequent 
methods  employed  in  rearing  chickens  to  market  age  or  for  laying  pur¬ 
poses  depend  to  a  large  extent  upon  the  quality  of  the  chicks  and  the 
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environmental  conditions  under  which  they  are  kept,  the  importance  of 
sanitary  control  measures  is  given  special  emphasis  at  this  time.  Lack 
of  proper  sanitation  is  one  of  the  most  frequent  causes  of  failure  in  brood¬ 
ing  chicks. 

The  importance  of  sanitation  in  raising  chicks  is  becoming  more 
thoroughly  appreciated  by  all  poultry  raisers.  This  has  resulted  very 
largely  from  the  success  achieved  in  the  “Grow  Healthy  Chicks”  cam¬ 
paign  originally  inaugurated  in  Connecticut.  The  following  outline  gives 
the  essential  features  of  chick-raising  plans  now  in  use  in  many  states,  the 


Fig.  81. — The  chicks  are  given  range  but  for  the  first  few  days  are  confined  to  a  limited 
range  in  front  of  the  brooder  house.  ( U .  S.  Dept.  Agr.) 

results  secured  indicating  that  mortality  during  the  growing  period  has 
been  very  greatly  reduced: 

1.  Clean  chicks. 

a.  Start  with  chicks  secured  from  breeding  stock  that  has  been 

officially  tested  and  found  to  be  free  of  pullorum  disease. 

b.  Start  with  chicks  secured  from  breeding  stock  in  which  there 

has  been  little  mortality  from  other  diseases,  especially 
fowl  paralysis. 

c.  Start  with  chicks  secured  from  strains  of  breeding  stock  that 

have  demonstrated  their  ability  to  produce  vigorous  chicks 
having  low  mortality. 

d.  Start  with  chicks  hatched  in  clean  incubators. 

2.  Clean  brooder  houses. 

a.  Clean,  scrape,  and  scrub,  using  hot  water  and  high-test  lye. 

b.  Disinfect  thoroughly. 
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c.  Whitewash  the  entire  interior. 

d.  Clean  all  equipment  used  for  brooding. 

3.  Clean  litter. 

a .  If  straw  or  similar  nonabsorbent  litter  material  is  used,  change 

litter  every  week  if  it  becomes  damp  or  wet. 

b.  If  peat  moss  or  other  absorbent  litter  material  is  used,  litter 

need  not  be  changed  as  long  as  it  is  kept  dry.  Stir  daily 
to  promote  drying,  and  add  more  as  needed.  Remove 
litter  immediately  if  it  becomes  wet. 


Fig.  82. — Good  range  and  plenty  of  shade  are  important  factors  in  the  successful  rearing 

of  pullets  to  maturity.  (U.  S.  Dept.  Agr.) 


4.  Clean  feed  and  water. 

a.  Place  all  feed  troughs  and  water  vessels  on  wire  platforms  in 

the  house. 

b.  Use  dry  wells  beneath  automatic  water  fountains  in  order  to 

keep  the  litter  dry. 

c.  Move  hoppers  and  movable  water  pans  to  a  clean  spot  on 

range  each  week. 

5.  Clean  range. 

a.  Land  not  used  by  poultry  for  2  years  or  more. 

b.  Land  removed  from  previous  range  as  far  as  possible. 

c.  Land  not  contaminated  by  drainage  water  or  poultry  manure. 

d.  Clean  brooder  houses  before  moving  to  clean  range. 

6.  Clean  management. 

a.  Keep  young  stock  entirely  separated  from  old  stock. 

b.  Avoid  overcrowding. 
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c.  Encourage  early  roosting. 

d.  Teach  chicks  to  range  by  moving  feed  and  water  from  the 

house. 

e.  Provide  some  natural  shade. 

/.  Move  to  clean  ground  when  disease  threatens  after  thoroughly 
cleaning  and  disinfecting  the  houses. 
g.  Discourage  visitors  from  entering  the  brooder  houses  and 
walking  over  the  range. 

The  following  table  gives  the  results  secured  in  reducing  mortality 
in  Connecticut  for  the  years  1926  and  1927,  there  being  502,938  and 
552,882  chicks,  respectively,  under  observation.  Mortality  is  based  on 
the  number  of  chicks  raised  to  maturity. 

Table  31. — Per  Cent  Mortality  under  the  Connecticut  Grow  Healthy 

Chicks  Plan 
(Jones,  1928) 


Mortality  occurring  when  the  following  points  were  adopted 


Year 

All  6  points, 
per  cent 

All  6  points 
except  clean 
chicks,  per  cent 

All  6  points 
except  clean 
land,  per  cent 

All  6  points 
except  clean 
chicks  and  clean 
land,  per  cent 

1926 

7.9 

15 . 3 

22.0 

1927 

6.9 

14.4 

13.9 

17.9 

The  data  given  in  the  preceding  table  show  that  two  of  the  most 
important  factors  in  reducing  chick  mortality  are  (1)  chicks  that  have 
been  secured  from  a  breeding  flock  from  which  the  pullorum  disease  has 
been  eliminated  and  (2)  the  raising  of  the  chicks  on  land  that  is  not  con¬ 
taminated  with  parasites  and  disease  organisms. 

ARTIFICIAL  BROODING  IN  CONFINEMENT 

In  some  sections  of  the  country,  especially  where  commercial  poultry 
raising  is  carried  on  extensively,  chicks  are  brooded  in  confinement  for  the 
first  few  weeks.  A  number  of  years  ago  this  practice  was  followed  where 
broilers  were  being  produced  commercially  but  was  abandoned  as  a 
general  practice  because  of  trouble  experienced  in  leg  weakness  in  the 
chicks  and  because  of  the  heavy  mortality  frequently  encountered. 

More  recently,  however,  the  practice  has  been  resumed  as  a  result, 
largely,  of  the  discovery  that  proper  proportions  of  vitamin  D  in  the  diet 
prevent  leg  weakness.  Another  reason  for  the  resumption  of  the  practice 
was  that  when  chicks  were  reared  on  the  same  ground  year  after  year, 
various  troubles  were  frequently  encountered,  such  as  coccidiosis,  intes- 
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tinal  roundworms,  and  tapeworms.  Poultrymen  found  that  soil  that 
had  been  allowed  to  become  contaminated  with  disease  germs  and  infested 
with  worm  eggs  was  an  unsafe  place  on  which  to  attempt  to  raise  chickens. 
Brooding  chicks  in  confinement  was  adopted  as  an  alternative  to  provid¬ 
ing  new  range  or  cleaning  up  the  old  range. 

One  advantage  in  brooding  chicks  on  the  floor  in  confinement  is  the 
saving  of  labor,  particularly  in  the  case  of  large  numbers  of  chicks.  A 
hot-water-pipe  brooder  is  frequently  used  in  a  long  brooder  house,  which 
is  divided  into  a  number  of  pens,  each  large  enough  to  accommodate  from 
about  250  to  about  1,000  chicks.  Such  an  arrangement  requires  much 
less  labor  in  tending  the  chicks  than  is  the  case  when  the  chicks 
are  brooded  in  colony  houses  100  ft.  or  more  apart.  This  saving  of  labor 
is  an  important  matter,  but  brooding  chicks  in  large  lots  increases  mor¬ 
tality  and  retards  the  growth  of  the  chicks. 

The  battery  brooder  system  is  being  used  extensively  in  the  brooding 
of  chicks  in  confinement.  Battery  brooders  consist  of  single  or  double 
rows  of  tiers  of  wire  cages  one  above  the  other.  There  are  two  kinds  of 
battery  brooders  on  the  market :  those  equipped  with  an  electric  heater  in 
each  compartment  and  those  that  depend  entirely  upon  the  temperature 
of  the  room  in  which  the  brooders  are  kept  for  supplying  the  necessary 
heat  for  the  chicks. 

The  use  of  battery  brooders  reduces  the  amount  of  labor  required  to 
brood  a  given  number  of  chicks  as  compared  with  range-brooding  meth¬ 
ods.  There  is  also  the  possibility  of  giving  the  chicks  more  careful  super¬ 
vision;  and  chicks  of  different  ages  do  not  get  mixed,  as  is  frequently  the 
case  on  range.  Under  the  battery  system  of  brooding  it  is  possible  to 
obtain  complete  records  of  feed  consumption  and  body  weights  of  the 
chicks,  thus  making  it  possible  to  control  disease  more  readily  than  when 
chicks  are  reared  on  range,  although  heavy  mortality  in  batteries  has 
frequently  occurred  from  different  diseases,  particularly  coccidiosis. 

One  of  the  disadvantages  in  battery  brooding  is  the  prevalence  of  toe¬ 
picking,  feather  picking,  and  cannibalism.  In  case  any  of  these  troubles 
occur,  it  is  recommended  that  all  light  be  excluded  except  that  from  a 
60-  or  100-watt  natural-colored  ruby  Mazda  bulb,  glass  not  inside  frosted, 
and  reflectors  used  to  throw  the  light  on  the  feed  and  water  troughs. 
Some  operators  spray  the  windows  with  a  rich  red  lacquer  paint  which 
may  be  easily  removed  after  the  brooding  season  is  over. 

Proper  Temperature  Important. — It  is  very  necessary  to  maintain  the 
proper  temperature  in  batteries,  96°  being  desirable  for  the  first  3  days, 
after  which  it  should  be  lowered  about  3°  every  3  days  for  about  3  weeks. 
After  the  third  week  the  temperature  of  the  battery  room  should  be 
maintained  at  about  72°.  The  night  temperature  should  be  about  5° 
higher  thafi  the  day  temperature. 
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Ventilation  and  Humidity  Requirements. — Where  large  numbers  of 
chicks  are  kept  in  batteries  in  a  room,  special  provision  must  be  made  for 
supplying  adequate  ventilation  and  proper  humidity.  If  the  room  is  not 
too  large,  the  intakes  and  outlets  employed  in  a  typical  ventilation  system 
will  probably  suffice,  but  for  a  large  room  full  of  batteries  an  air-condition¬ 
ing  unit  is  usually  necessary.  For  large  installations  a  qualified  engineer 
should  be  consulted. 

Humidity  is  necessary  to  keep  the  chicks  in  the  best  state  of  health, 
promote  optimum  growth,  and  keep  the  feathers  from  becoming  too 
dry.  For  about  the  first  3  weeks  a  relative  humidity  of  about  60  per 


Fig.  83. — The  use  of  battery  brooders  is  a  very  satisfactory  way  of  brooding  chicks  for  the 

first  few  weeks.  ( Kerr  Chickeries.) 


cent  should  be  maintained,  after  which  it  may  be  reduced  to  about  45  per 
cent. 

Avoid  Overcrowded  Batteries. — One  of  the  most  important  things  to 
be  kept  in  mind  in  battery  brooding  is  to  avoid  overcrowding  the  chicks 
in  the  batteries.  Under  good  conditions  of  brooding,  chicks  grow  fast  and 
soon  overcrowd  the  batteries.  Just  as  soon  as  the  chicks  do  not  require 
heat,  if  they  are  being  brooded  in  batteries  with  electrically  heated 
brooders,  they  should  be  transferred  to  larger  sized  unheated  batteries. 
Not  only  is  better  growth  attained,  but  better  feather  development  and 
better  shank  color  are  obtained  when  the  chicks  are  not  overcrowded 
during  any  stage  of  battery  brooding,  as  shown  by  the  results  secured  at 
the  Larro  Research  Farm.  Mortality  is  also  reduced  when  the  chicks 
are  not  overcrowded. 
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The  minimum  floor-space  requirements  in  battery  brooders  that  have 
been  recommended  by  some  operators  are  as  follows: 

Age  of  Chicks,  Weeks  Square  Inches  per  Chick 

1  to  2  10 

3  to  4  20 

5  to  6  .  30 

7  to  8  40 

9  to  10  55 

11  to  12  75 

With  a  few  slight  changes,  the  following  observations  are  based  on  the 
results  secured  at  the  Larro  Research  Farm.  The  cubic  inches  of  battery 
space  rather  than  the  square  inches  of  floor  space  are  the  proper  criteria 
upon  which  to  determine  the  space  requirements  of  the  growing  chicks. 
For  most  rapid  gains,  at  least  1  cu.  in.  of  space  is  necessary  for  every 
gram  of  live  weight,  or  at  least  450  cu.  in.  of  space  for  every  pound  of 
live  weight,  regardless  of  the  number  of  chicks.  It  was  found  that 
restricting  space  below  the  optimum  exerted  an  unfavorable  influence 
not  only  upon  growth  but  also  upon  livability,  pigmentation,  and  feather¬ 
ing.  The  incidence  of  respiratory  diseases  increased  as  the  cubic  space 
decreased. 

It  was  found  that  in  batteries  that  were  crowded,  the  temperature 
in  the  battery  compartment  increased  above  the  room  temperature.  The 
batteries  that  were  most  heavily  crowded  with  chicks  were  at  times  23°F. 
higher  than  the  room  temperature,  while  the  sparsely  populated  compart¬ 
ments  showed  little  or  no  difference  in  temperature  over  that  maintained 
in  the  room. 

Battery-brooder  Management. — In  order  to  insure  success  in  battery 
brooding,  the  results  must  be  such  as  to  justify  the  costs  of  installation 
and  maintenance.  Operating  costs  must  be  kept  as  low  as  possible,  and 
at  the  same  time  the  management  must  be  such  as  to  keep  the  chicks  in 
the  best  possible  state  of  health  combined  with  good  growth  and  feather 
development.  For  the  commercial  production  of  broilers  it  is  very  essen¬ 
tial  to  secure  rapid  growth  and  well-finished  carcasses  which  are  free  of 
breast  blisters. 

Many  operators  prefer  battery  brooders  with  the  contact  type  of 
heat  unit,  which  permits  the  chicks  to  get  away  from  the  source  of  heat 
for  feed  and  water  and  return  to  the  brooding  section  when  they  feel  the 
need  of  warmth.  The  temperature  of  the  room  should  be  approximately 
60°F. 

A  building  about  20  ft.  long  by  15  ft.  wide  is  large  enough  for  a  broiler 
plant  selling  approximately  150  broilers  weekly.  The  ceiling  should  be 
high  enough  to  allow  adequate  ventilation,  10  ft.  being  desirable.  The 
batteries  should  be  at  least  15  in,  apart,  and  the  aisles  between  the  rows 
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of  batteries  should  be  at  least  3  ft.  wide.  A  building  20  by  15  is  large 
enough  for  three  starting  and  four  finishing  batteries,  the  chicks  being 
transferred  to  the  finishing  batteries  at  about  the  end  of  the  fourth  week. 
The  building  should  be  well  insulated,  the  method  used  being  such  as  to 
keep  out  mice  and  rats. 

The  battery-brooding  room  should  be  illuminated  uniformily,  the 
lights  being  so  arranged  that  the  feed  and  water  troughs  are  well  lighted, 
but  very  little  light  should  reach  the  interior  of  the  batteries.  If  the 
building  has  the  proper  amount  and  arrangement  of  window  space,  it  is 
possible  to  do  away  with  artificial  illumination  except  on  dark  days. 

Since  too  high  a  room  temperature  tends  to  promote  cannibalism 
and  poor  feather  development,  many  operators  who  have  a  large  battery- 
brooding  plant  install  an  automatically  controlled  oil-burning  hot-air 
heating  system.  Evenness  of  temperature  is  relatively  easily  maintained, 
and,  in  addition,  it  is  possible  to  humidify  the  air  of  the  battery  room. 

The  feed  and  water  troughs  should  be  adjustable  and  should  be  raised 
as  the  chicks  increase  in  size;  otherwise  breast  blisters  are  apt  to  develop. 
The  troughs  should  be  kept  scrupulously  clean  at  all  times,  and  every 
precaution  taken  to  prevent  the  feed  and  water  from  becoming  con¬ 
taminated  with  disease  organisms. 

The  batteries  and  all  equipment  should  be  cleaned  and  disinfected 
thoroughly  after  each  lot  of  chickens  is  removed.  Disease  organisms 
lurk  in  corners  and  cracks,  and  it  is  only  by  thorough  scrubbing  with  stiff 
brushes  that  most  of  the  filth  can  be  removed  from  the  various  parts  of  a 
battery.  It  is  largely  a  waste  of  time  and  money  to  disinfect  an  improp¬ 
erly  cleaned  battery.  The  floor  of  the  building  should  be  provided  with  a 
drain,  and  the  floor  itself  should  be  scrubbed  and  disinfected  thoroughly 
at  regular  intervals. 

Although  the  brooding  of  chicks  in  batteries  has  its  advantages,  it 
must  be  pointed  out  that  the  methods  of  management,  including  the  diet 
fed,  are  much  more  exacting  than  when  chicks  are  brooded  on  range. 
For  the  production  of  broilers  on  a  commercial  scale,  brooding  in  confine¬ 
ment  has  proved  satisfactory,  but  where  pullets  are  being  raised  for 
laying  purposes  it  is  undoubtedly  advisable  to  give  them  range  on  clean 
soil,  at  least  after  the  first  2  or  3  weeks  of  confinement,  or  semiconfine¬ 
ment,  brooding. 

REARING  IN  CONFINEMENT  OR  SEMICONFINEMENT 

When  chicks  are  brooded  in  confinement  and  are  still  kept  in  confine¬ 
ment  either  in  battery  brooders  or  in  pens  with  wire-screen  floors,  they 
must  be  given  careful  attention.  The  brooding  of  chicks  in  battery 
brooders  and  in  pens  equipped  with  wire-screen  floors  is  a  sanitary  precau- 
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tion  against  infection  from  intestinal  parasites  and  disease,  such  as 
coccidiosis. 

Avoid  Overcrowding. — One  of  the  chief  dangers  in  the  rearing  of 
chickens  in  confinement  is  the  tendency  to  overcrowd  them  in  the  space 
allotted  to  them.  The  sexes  should  be  separated  at  about  8  weeks  of  age, 
as  in  the  case  of  the  rearing  of  chicks  on  range.  The  cockerels  may  be 
sold  as  broilers,  or  some  of  them  may  be  kept  as  breeders.  At  any  rate,  it 
is  necessary  to  keep  both  pullets  and  cockerels  under  the  best  of  environ¬ 
mental  conditions.  As  the  chickens  grow  they  should  be  separated  to 
other  batteries  so  as  to  avoid  overcrowding.  Avoiding  overcrowding  is  of 
paramount  importance  in  preventing  excessive  losses. 


Fig.  84. — Confinement  rearing  with  a  sun  porch,  using  ^4-in.  wire  mesh,  for  the  bottom, 
with  1-in.  mesh  siding.  The  feed  hoppers  are  placed  on  the  outside  of  the  sun  porch. 
(JYm.  C.  Monahan.) 

Plenty  of  Hopper  Space  Necessary. — One  of  the  most  important 
things  in  brooding  chickens  in  confinement  is  providing  plenty  of  mash 
hopper  space.  This  tends  to  prevent  restlessness  and  feather  and  body 
picking. 

Wire -screen  Floor  Pens. — The  rearing  of  chickens  in  rooms  with  wire- 
screen  floors  in  front  of  the  house  allows  them  to  take  advantage  of  the 
benefits  of  the  sun's  rays.  Also,  chicks  reared  on  wire-screen  floors  usu¬ 
ally  get  more  exercise  than  those  reared  in  battery  brooders. 

The  wire-screen  sun  parlor  is  an  outside  inclosure  next  to  the  brooder 
house.  It  is  usually  about  half  the  area  of  the  floor  inside.  The  frame 
for  the  bottom  is  made  of  1-  by  4-in.  boards  set  edgewise  and  spaced  2  ft. 
apart.  Jhis  is  covered  with  34-in. -square  mesh-hardware  cloth,  made  of 
No.  15  or  16  gage  wire,  24  or  48  in.  wide,  the  narrow  width  being  pref- 
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erable.  The  frames  may  be  made  in  sections,  the  size  depending  upon 
the  number  of  birds  to  be  accommodated.  For  a  10-  by  12-ft.  brooder 
house,  a  frame  6  by  8  ft.  is  used.  Front  and  end  panels  are  24  in.  wide 
and  are  made  of  1-  by  3-  or  4-in.  strips,  covered  with  1-in. -mesh  poultry 
netting.  The  top  panels  may  be  made  2,  3,  or  4  ft.  wide.  The  front  top 
panel  is  hinged  so  it  can  be  opened  easily  when  desired.  The  floor  of  the 
screen  sun  parlor  may  be  placed  10  or  20  in.  aboveground,  so  that  the 
droppings  can  be  removed  by  a  scraper,  or  the  frame  may  be  set  close  to 
the  ground  and  removed  during  the  process  of  cleaning. 

In  order  to  insure  that  all  the  birds  take  advantage  of  the  sun  parlor, 
they  should  be  fed  and  watered  in  it  or  be  driven  into  it  regularly  once 
daily  and  shut  in  for  a  half  hour,  besides  having  a  chance  to  go  out  when 
they  please.  The  mash  troughs  should  be  protected  from  rain  by  slanted 
boards,  hinged  so  as  to  turn  up  when  feed  is  being  put  into  troughs. 

REARING  BROILERS  AND  CAPONS 

It  has  been  pointed  out  previously  that  most  of  the  day-old  chicks 
that  are  produced  each  year  are  raised  primarily  for  the  purpose  of  replac¬ 
ing  hens  that  are  culled  from  the  laying  flocks.  The  surplus  cockerels 
that  are  raised  each  year  are  sold  as  broilers,  fryers,  or  roasters  depending 
largely  upon  the  prices  that  prevail  for  these  different  classes  of  poultry 
at  the  time  they  reach  the  different  ages  or  sizes.  Aside  from  this  avail¬ 
able  supply  of  market  poultry,  to  say  nothing  of  the  large  supplies  of  hens 
that  are  marketed  annually,  there  has  developed  in  the  United  States  a 
very  important  broiler-producing  industry.  Then,  again,  the  production 
of  capons  has  assumed  a  role  of  some  importance.  Broiler  and  capon 
rearing  represent  two  forms  of  specialized  poultry  production. 

Broiler  Raising  a  Specialized  Industry. — The  development  of  the 
broiler  industry  represents  one  of  the  phases  revealing  the  extent  to  which 
the  poultry  of  the  United  States  has  become  specialized  during  recent 
years.  In  the  early  development  of  the  poultry  industry,  fresh  poultry 
was  ordinarily  available  from  the  fall  of  the  year  to  the  latter  part  ol 
January.  It  is  natural  to  expect,  therefore,  that  a  specialized  industry 
would  be  developed  whereby  fresh  dressed  chickens  would  be  made  avail¬ 
able  to  consumers  during  the  time  that  other  forms  of  fresh  chickens  are 
not  available.  The  production  of  broilers  has  filled  this  need. 

Breeds  for  Broilers. — The  methods  of  brooding  and  rearing  broilers 
either  on  range  or  in  confinement  have  already  been  discussed,  so  that 
there  remains  at  this  time  only  the  question  of  breeds  suitable  for  broiler 
production,  the  matter  of  feeding  broilers  being  discussed  in  subsequent 
chapters. 

The  question  of  breeds  is  of  importance  in  the  problem  of  rearing 
broilers,  inasmuch  as  it  has  been  shown  from  practical  experience  that 
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is  obtained  when  the  cockerels  of  certain  breeds  are  castrated.  A  cas¬ 
trated  chicken  is  known  as  a  “capon,”  and  since  capons  attain  their  maxi¬ 
mum  size  when  about  8  to  10  months  of  age,  they  are  ready  for  market 
after  the  Christmas  holidays,  when  other  forms  of  fresh-killed  young 
poultry,  except  broilers,  are  scarce.  Capons  retain  the  tenderness  of  the 
meat  characteristic  of  young  cockerels.  Some  poultrymen  hatch  chicks  in 
December  and  January  so  that  their  capons  are  ready  for  the  Thanks¬ 
giving  and  Christmas  markets.  A  special  set  of  instruments  is  necessary 
for  caponizing,  and  several  different  makes  are  made  by  manufacturers. 

Breeds  to  Caponize. — The  largest  capons  are  obtained  from  such 
breeds  as  the  Jersey  Black  Giant,  Langshan,  and  Brahma.  These 
breeds,  however,  are  slow  to  mature  and  will  hardly  develop  in  time  for 
the  holiday  season  unless  hatched  early.  Plymouth  Rocks,  Rhode  Island 
Reds,  Wyandottes,  and  Orpingtons  make  excellent  capons  and  can  be 
brought  to  prime  condition  in  7  to  10  months. 

Age  to  Caponize. — Healthy,  vigorous  cockerels  should  be  selected,  and 
the  operation  should  be  performed  before  there  is  much  sign  of  comb 
development,  birds  from  lj^  to  lb.  in  weight  or  from  8  to  12  weeks 
of  age  being  most  desirable.  The  cockerels  should  be  placed  in  clean 
crates  without  litter  and  kept  in  a  comfortable  place  without  water  or 
feed  for  a  period  of  12  to  24  hr.  This  starvation  period  is  very  important, 
for  the  operation  is  most  easily  performed  on  properly  starved  birds,  and 
there  is  usually  much  less  bleeding. 

How  to  Caponize. — Caponizing  should  be  done  on  a  bright,  sunny 
day.  Set  up  a  barrel  or  two  egg  cases  as  a  table  on  which  to  work,  or 
construct  a  table  if  a  large  number  of  cockerels  are  to  be  caponized.  A 
crate  containing  the  cockerels  should  be  close  at  hand,  and  another 
empty  crate  should  be  provided  to  receive  the  capons  after  the  opera¬ 
tion.  The  following  instructions  are  adapted  from  suggestions  given  by 
the  Extension  Poultry  Specialist  of  the  New  Jersey  Agricultural 
College: 

The  cockerel  should  be  fastened  firmly  to  the  caponizing  board  or 
table  by  means  of  straps.  One  strap  should  be  placed  around  the 
wings  close  to  the  body,  the  end  drawn  through  the  ring,  and  the  strap 
fastened  to  the  board  by  means  of  some  slots  and  a  screw  eye.  The  other 
strap  should  be  placed  around  the  legs  above  the  hock  joint  and,  after  the 
bird  is  in  position,  should  be  fastened  in  the  suitable  slot.  In  securing  the 
bird  to  the  board,  the  left  side  should  be  next  to  the  board  with  the  right 
side  of  the  bird  facing  the  operator.  Since  the  incision  is  made  between 
the  last  two  ribs  of  the  bird,  a  few  feathers  should  be  plucked  from  this 
region,  thus  exposing  these  ribs.  This  area  should  be  dampened,  and 
the  surrounding  feathers  should  be  soaked  thoroughly  so  that  they  are 
held  back  out  of  the  operator’s  way  and  do  not  obstruct  his  view. 
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In  making  the  incision,  the  knife  should  be  held  firmly  between  the 
thumb  and  forefinger,  only  about  K  in.  of  the  blade  being  exposed.  Held 
in  this  manner,  it  is  hardly  possible  to  cut  so  deeply  that  the  intestines 
are  injured.  With  the  forefinger  of  the  left  hand,  locate  the  last  two 
ribs  which  lie  just  in  front  of  the  hip  joint.  Draw  the  skin  back  toward 
the  hip  and  place  the  knife  between  the  ribs  approximately  Y  to  Y  in. 
below  the  backbone.  An  incision  about  1  in.  long  is  made  by  drawing  the 
knife  toward  the  operator,  being  careful  to  follow  the  curve  of  the  ribs. 


Fig.  86. — Upper  left,  the  cockerel  in  position  for  caponizing,  with  feathers  removed  for 
making  the  incision.  Upper  right,  making  the  incision.  Lower  left,  the  spreaders  inserted 
and  a  probe  inserted  to  locate  the  testes.  Lower  right,  removing  the  testes.  ( U .  S.  Dept. 
Agr.) 

The  spreader  should  then  be  inserted,  and  the  incision  opened  as  far  as 
possible  without  tearing  the  flesh.  With  the  tearing  hook,  tear  the  thin 
membranes  that  cover  the  intestines,  but  carefully  avoid  hooking  the 
intestines.  The  upper  testicle  can  then  be  observed  lying  just  below  the 
front  end  of  the  kidney  and  close  to  the  backbone. 

In  birds  of  proper  size,  the  testicle  will  be  about  the  size  of  a  grain 
of  wheat  and  usually  deep  yellow,  although  at  times  the  color  may  be 
gray  or  even  black.  The  lower  organ  lies  just  underneath  the  upper  one 
and  may  be  seen  by  raising  the  upper  one  with  the  probe.  A  large  artery 
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will  be  observed  running  between  the  two;  should  this  be  punctured 
during  the  removal  of  the  organs,  death  will  result.  With  the  jaws  of 
the  removers  slightly  open,  reach  underneath  the  lower  testicle  and 
gently  move  the  instrument  upward,  allowing  the  organ  to  slip  between 
the  open  jaws.  Being  sure  that  the  entire  organ  is  within  the  remover  and 
that  no  blood  vessels  have  been  grasped,  slowly  pull  the  instrument  out 
of  the  body  cavity  with  a  twisting  motion  until  the  organ  is  severed  from 
the  body.  Next,  remove  the  upper  testicle  in  a  similar  manner. 

Should  difficulty  be  encountered  in  attempting  to  remove  both  organs 
from  one  side,  the  upper  one  should  be  removed,  and  the  bird  turned  over 
and  operated  on  from  the  left  side.  It  is  essential  that  the  organs  be 
removed  intact,  for  if  the  wall  of  the  testicle  is  ruptured  and  a  portion 
allowed  to  remain  in  the  body  cavity,  a  “slip”  will  result. 

The  fact  must  be  appreciated,  of  course,  that  capons  do  not  necessarily 
grow  faster  than  cockerels,  so  that  in  order  to  gain  any  particular  advan¬ 
tage  over  the  production  of  roasters,  capons  must  be  kept  for  a  longer 
time,  or  a  higher  price  should  be  secured.  The  impetus  given  to  the 
production  of  broilers  “out  of  season”  has  resulted  in  a  decreased  demand 
for  capons. 
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CHAPTER  VII 


HOUSING  AND  YARDING  PRINCIPLES  AND  PRACTICE 

The  primary  purpose  of  housing  poultry,  whether  it  be  growing  chick¬ 
ens  or  adult  stock,  is  to  provide  for  the  maximum  comfort  of  the  fowls  at 
all  times  and  in  all  seasons.  Unless  the  growing  stock  is  kept  comfortable 
day  and  night  throughout  the  growing  season,  it  will  not  attain  maximum 
growth;  unless  the  laying  stock  is  maintained  in  comfortable  quarters 
throughout  the  laying  season,  maximum  results  in  egg  production  cannot 
be  secured;  and  unless  the  breeding  stock  is  kept  most  comfortable 
throughout  the  breeding  season,  maximum  results  in  fertility  and  hatch- 
ability  of  eggs  cannot  be  realized. 

FACTORS  DETERMINING  SATISFACTORY  HOUSING 

In  the  extremely  southern  sections  of  the  United  States  maximum 
housing  comfort  for  poultry  implies  that  they  are  given  reasonable  pro¬ 
tection  from  the  enervating  temperatures  that  frequently  prevail  during 
the  summer  months.  In  the  nothern  sections  of  the  country  housing 
comfort  implies  that  steps  have  been  taken  to  provide  against  extremely 
low  house  temperatures  during  the  winter  months  and  extremely  high 
temperatures  during  the  summer  months.  The  factor  of  outstanding- 
importance  in  housing  is  to  provide  against  extreme  variations  in  house 
temperature  from  day  to  day  and  from  season  to  season. 

Importance  of  Good  Location. — In  order  that  comfort  may  be  pro¬ 
vided  inside  the  house  it  must  be  properly  located  so  as  to  provide  for  the 
proper  circulation  of  air  and  at  the  same  time  avoid  unnecessary  exposure 
to  the  wind  and  sun. 

A  southern  well-sheltered  slope  which  offers  good  air  and  water  drain¬ 
age  is  desirable.  Although  sloping  ground  is  desirable  in  order  to  provide 
for  good  water  drainage,  there  are  many  farms  and  poultry  plants  where 
the  ground  is  flat,  and  under  such  circumstances  gravel  should  be  hauled 
to  the  location  where  the  house  is  to  be  built  to  make  a  slight  knoll.  In 
some  sections  an  eastern  or  southeastern  exposure  may  be  preferable, 
particularly  if  the  prevailing  winds  are  from  the  west  or  northwest.  The 
trees  that  shelter  the  house  should  not  be  too  close  to  the  house  or  too 
low;  otherwise  the  soil  under  the  trees  is  liable  to  remain  damp  and  harbor 
disease  organisms.  Proper  air  drainage  is  very  important,  and  for  this 
reason  the  poultry  house  should  not  be  located  on  low  ground  because 
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cold  damp  air  tends  to  settle  in  low  places.  Where  the  fowls  are  allowed 
outdoors,  the  nature  of  the  soil  in  the  vicinity  of  the  poultry  house  is  a 
matter  of  importance,  the  best  soil  being  a  sandy  loam  which  provides  for 
adequate  water  drainage  and  is  suitable  for  growing  grass  or  other  green 
crops. 

In  building  a  two-story  or  higher  house  it  is  desirable  to  locate  the 
house  at  the  edge  of  a  knoll  in  order  that  arrangements  may  be  made  in 
the  way  of  an  approach  to  the  second  floor  for  delivering  feed. 

A  Convenient  House  Necessary. — All  poultry  houses  must  be  con¬ 
venient  in  two  respects — from  the  standpoint  of  location  and.  on  the 
inside,  from  the  standpoint  of  tending  the  house. 


Fig.  S7. — A  12  by  12  ft.  colony  brooder  house  recommended  for  use  in  Connecticut, 
equipped  ~~h  celo-glass  “indows  which  swing  inward.  Aceioi  Product*.  Inc. 

Where  yarding  is  provided  for  growing  chicks  or  adult  stock  the 
poultry  houses  must  be  located  at  some  distance  from  other  buildings,  but 
they  should  not  be  so  far  away  as  to  cause  the  birds  to  be  neglected.  At 
the  same  time,  the  saving  of  daily  labor  in  tending  the  birds  is  an  impor¬ 
tant  point  to  be  kept  in  mind  in  the  location  of  several  houses  on  the 
poultry  plant. 

The  house  itself  must  be  convenient  from  the  standpoint  of  adjusting 
windows  and  ventilators  and  caring  for  the  birds.  Simplicity  of  con¬ 
struction  should  always  be  kept  in  mind. 

Durability  of  Service  Most  Desirable.— It  is  a  waste  of  money  to  build 
a  poultry  house  more  expensive  than  necessary  to  provide  for  the  optimum 
comfort  of  the  birds.  On  the  other  hand,  it  is  false  economy  to  build  a 
cheap  house  that  can  never  be  expected  to  keep  the  birds  comfortable. 
The  important  factors  in  determining  the  cost  of  construction  are  the 
health  and  comfort  of  the  birds,  and  although  the  original  cost  of  con¬ 
struction  is  an  important  item  it  is  a  wise  investment  to  build  a  durable 
house  that  will  remain  in  good  condition  for  several  years  without  undue 
expenditures  in  repairs  and  in  the  cost  of  upkeep. 
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The  manner  in  which  poultry  houses  are  constructed  is  of  great  impor¬ 
tance  not  only  from  the  standpoint  of  their  usefulness  but  also  with 
respect  to  providing  comfort  for  the  birds.  A  poorly  constructed  house 
is  a  poor  investment,  first,  because  its  period  of  service  is  liable  to  be 
limited  and.  second,  because  it  is  not  likely  to  give  good  results.  Good 
materials  and  good  workmanship  are  necessary  requisites  in  the  construc¬ 
tion  of  a  poultry  house  that  is  intended  to  give  satisfaction. 

House  Should  Be  Easy  to  Disinfect. — The  watchword  of  every  poul¬ 
try  raiser  should  be  to  do  everything  possible  to  prevent  the  occurrence 
and  spread  of  poultry  diseases.  Since  the  poultry  house,  where  the  birds 
naturally  congregate,  is  liable  to  be  a  means  of  spreading  hlth-bome 
organisms,  it  is  apparent  that  the  house  must  be  kept  as  clean  as  possible. 
For  this  purpose,  ease  of  disinfection  of  all  parts  of  the  interior  of  the 
house  is  very  important.  Fixtures  and  appliances  within  the  house 
should  be  movable,  and  the  construction  of  the  house  should  be  such  that 
all  parts  may  be  thoroughly  cleaned  and  properly  disinfected. 

ESSENTIAL  HOUSING  REQUIREMENTS 

In  order  that  the  poultry  house  may  give  the  most  satisfactory  sendee 
it  must  provide  the  following  requirements:  1  adequate  ventilation. 
(2  moderate  temperatures.  3  dryness.  4  abundance  of  sunlight. 
(5  properly  installed  artificial  lights.  6  adequate  floor  space  per  bird. 

Providing  Adequate  Ventilation. — The  proper  ventilation  of  poultry 
houses  is  necessary  for  the  purpose  of  removing  moisture  and  to  provide 
the  birds  with  fresh  air.  Since  drafts  in  the  poultry  house  should  always 
be  avoided,  it  is  necessary  to  provide  a  ventilation  system  that  will  pro¬ 
vide  fresh  air  and  also  cause  a  circulation  of  air  within  the  house  so  that 
the  house  may  be  kept  reasonably  dry.  for  the  humidity  of  the  air  in  the 
house  is  affected  not  only  by  temperature  but  also  by  air  circulation, 
which,  in  turn,  is  affected  by  the  ventilation  of  the  house. 

In  the  case  of  chickens  reared  in  colony  houses  on  range,  the  problem 
of  providing  adequate  ventilation  for  the  houses  is  not  a  difficult  one. 
except  at  night  during  the  hot  summer  months.  In  most  sections  of  the 
United  States  the  windows  in  the  front  of  the  brooder  house  should  be 
removed  during  the  hot  summer  months.  Ventilators  should  be  pro¬ 
vided  under  the  eaves  on  the  north  side  of  the  house,  and  these  should  be 
kept  open  during  the  warm  season  to  allow  the  warm  air  to  circulate  and 
pass  out  of  the  front  of  the  house.  Summer  shelters,  of  course,  are  a  good 
solution  of  the  ventilation  problem  in  the  housing  of  growing  stock.  At 
any  rate,  poultrymen  should  always  keep  in  mind  that  night  comfort  is  an 
important  factor  in  obtaining  optimum  growth  during  the  growing  season. 

The  proper  ventilation  of  the  laying  house  is  of  the  greatest  importance 
in  providing  comfort  for  the  laying  stock  during  the  hot  summer  months 
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in  all  parts  of  the  country  and  during  the  cold  winter  months  in  northern 
regions. 

Good  summer  ventilation  of  the  laying  house  is  frequently  obtained 
by  having  ventilators  under  the  eaves  on  the  north  side  of  the  house,  or  in 
some  sections  of  the  country  all  four  sides  of  the  house  are  opened.  In 
the  case  of  single-story  houses,  the  insulation  of  the  roof  helps  to  keep  the 
house  much  cooler  during  the  hot  summer  days  and  nights. 

The  most  difficult  problem  in  the  ventilation  of  the  laying  house  is 
that  of  providing  maximum  comfort  for  the  laying  stock  during  the  winter 
months,  when  the  outside  temperature  frequently  fluctuates  greatly  and 


C.  Res+ric+ed  Ventilation 
with  Glass  Front 
and  Insulation 


D.  Flat  Root  Construction 
Reduces  Insulation  Costs 
and  Aids  Ventilation 


Fig.  88. — Showing  different  methods  of  ventilating  poultry  houses.  {Jones,  1935.) 


the  inside  of  the  house  is  apt  at  times  to  be  very  cold  and  damp.  When 
the  wind  is  not  blowing,  it  is  necessary  to  have  a  difference  of  temperature 
inside  and  outside  the  house  in  order  to  have  air  circulation  inside.  For 
this  purpose  the  house  must  be  properly  insulated.  When  the  wind  is 
blowing,  it  is  necessary  to  have  the  house  closed  sufficiently  to  prevent 
drafts  from  sweeping  across  the  floor,  and  still  there  must  be  sufficient 
ventilation  to  promote  the  recirculation  of  air  within  the  house  for  the 
purpose  of  equalizing  the  temperature  and  keeping  the  litter  dry.  By 
properly  insulating  the  house  and  by  restricted  ventilation  during  cold 
weather,  the  difference  in  temperature  inside  and  outside  the  house  is 
increased,  the  loss  of  heat  given  off  by  the  birds  is  retarded,  the  recircula¬ 
tion  of  air  is  increased,  and  a  dry,  comfortable  house  of  moderate  tempera¬ 
ture  is  obtained. 

The  hen  breathes  much  more  air  in  proportion  to  body  weight  than 
the  larger  domestic  animals,  approximately  three  times  as  much  as  the 
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cow.  According  to  observations  made  at  the  Southeastern  Agricultural 
College  at  Wye,  England,  fowls  at  rest  take  into  their  lungs  an  average  of 
1  pt.  of  air  per  minute,  or  cu.  ft.  per  hour.  The  laying  hen,  therefore, 
requires  relatively  large  quantities  of  oxygen  or  fresh  air,  and,  of  course, 
relatively  large  quantities  of  carbon  dioxide  are  eliminated.  From 
observations  made  at  the  Illinois  Agricultural  Experiment  Station  it  has 
been  computed  that  a  hen  on  full  feed  weighing  approximately  4J^  lb. 
liberates  approximately  50  liters  of  carbon  dioxide  every  24  hours.  In 
most  poultry  houses  the  carbon  dioxide  output  is  not  a  serious  problem 
because  the  cubic  contents  of  the  house  are  relatively  large  as  far  as  the 
birds  are  concerned,  and  most  of  the  carbon  dioxide  is  dissipated  through 
cracks,  crevices,  and  openings  in  the  house.  Moreover,  the  Iowa  and 


Fig.  89. — Providing  summer  ventilation  by  means  of  hinged  ventilators  and  windows  at  the 

rear  of  the  laying  house.  (Pa.  Ext.  Service.) 


Nebraska  Agricultural  Experiment  Stations  have  shown  that  laying  hens 
can  tolerate  relatively  high  percentages  of  carbon  dioxide  in  the  air  of 
houses  that  were  fairly  tightly  sealed. 

The  Connecticut,  Iowa,  Massachusetts,  and  Ohio  Agricultural  Experi¬ 
ment  Stations  have  found  that  laying  houses  with  restricted  ventilation 
in  the  front  of  the  house  during  cold,  damp  weather  prevents  drafts, 
provides  for  minimum  fluctuations  in  temperature,  tends  to  conserve  the 
body  heat  of  the  fowls,  and  promotes  the  recirculation  of  air,  which  tends 
to  keep  the  house  relatively  dry.  The  Massachusetts  Agricultural 
Experiment  Station  recommends  that  air  circulation  should  be  limited 
to  openings  high  in  the  front  wall,  the  openings  being  constructed  so  that 
the  effects  of  wind  and  storms  are  reduced  to  a  minimum. 

Moderate  Temperature  Desirable. — Maximum  comfort  for  the  layers 
requires  that  the  house  be  maintained  at  a  moderate  temperature,  sum- 
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mer  and  winter.  The  problem  of  maintaining  moderate  temperature  in 
laying  houses  must  be  considered  from  the  standpoint  of  the  “  critical 
temperature  ”  of  the  laying  hen.  This  term  is  used  to  designate  the 
environmental  temperature  at  or  below  which  the  heat  production  of 
the  laying  hen  will  increase  to  prevent  a  lowering  of  body  temperature. 
The  Illinois  Agricultural  Experiment  Station  has  demonstrated  that  the 
average  critical  temperature*  of  hens  when  fasting  is  62°F.  Laying 
hens  on  full  feed  can  probably  stand  a  temperature  of  about  15°F.  before 
feed  energy  is  used  for  the  maintenance  of  body  temperature.  It  should 
be  recalled,  however,  that  the  lower  the  house  temperature  the  less  is 


Fig.  90. — The  shed-roof  type  of  brooder  house  is  commonly  used  in  the  commercial  broiler- 

producing  sections  of  Maryland.  ( U .  S.  Dept.  Agr.) 


the  moisture  taken  up  by  the  circulating  air  in  the  house  and  the  damper 
the  house.  At  ordinary  winter  temperatures  the  water-holding  capacity 
of  air  is  approximately  doubled  by  increasing  the  temperature  10°. 

During  the  hot  summer  months  the  house  should  be  kept  as  cool  as 
possible  both  day  and  night  by  means  of  adequate  insulation  and  by  the 
most  thorough  ventilation  possible.  During  the  cold  winter  months  the 
object  should  be  to  avoid  violent  fluctuations  in  temperature  in  the  house 
and  to  maintain  it  not  below  50  and  not  above  70 °F. 

Experiments  on  the  artificial  heating  of  laying  houses  have  been 
conducted  by  a  number  of  agricultural  experiment  stations,  but  for  the 
most  part  it  has  not  been  proved  economically  profitable.  One  of  the 
difficulties  encountered  has  been  to  maintain  a  relatively  even  tempera¬ 
ture  at  reasonable  cost,  and  in  other  cases  the  increase  in  egg  production 
secured  has  not  been  sufficient  to  pay  for  the  cost  of  fuel  and  labor 
involved  in  supplying  the  heat.  On  the  other  hand,  the  use  of  artificial 
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heat  in  the  house  when  there  is  a  sudden  drop  in  outside  temperature  has 
been  found  to  be  very  helpful  in  preventing  a  sudden  drop  in  egg  produc¬ 
tion.  Brooder  stoves  or  hot-water  heating  systems,  with  pipes  laid  in 
sand  under  the  surface  of  concrete  floors  or  along  the  back  of  the  laying 
house,  are  sometimes  employed.  When  a  hot-water  heating  system  is 
used,  a  small  electric  pump  is  necessary  to  circulate  the  water.  The 
artificial  heating  of  laying  houses  not  only  tends  to  equalize  the  tempera¬ 
ture  in  the  house  during  cold  snaps  but  also  tends  to  keep  the  floors  of  the 
house  dry. 

Before  an  artificial  heating  system  is  installed,  it  is  recommended  that 
an  engineer  be  consulted. 


Fig.  91. — A  continuous  brooder  house,  with  wire-screened  sun  porches  on  a  concrete  slab 

along  the  front  of  the  house.  (Pa.  State  Coll.  Agr.) 


Dryness  Important. — Although  the  results  of  experiments  at  the  Ohio, 
Iowa,  and  Nebraska  Agricultural  Experiment  Stations  have  demon¬ 
strated  that  egg  production  may  be  maintained  at  a  satisfactory  level 
even  when  the  air  in  the  laying  house  is  relatively  humid)  nevertheless 
dryness  is  important  particularly  with  respect  to  the  floor  and  litter.  A 
damp  floor  is  objectionable  in  cold  weather,  and  damp  litter  is  objection¬ 
able  from  the  standpoint  of  feeding  scratch  grain.  A  damp  floor  and 
litter  are  also  conducive  to  the  spread  of  poultry  diseases. 

At  the  Illinois  Experiment  Station  it  has  been  observed  that  fowls 
normally  drink  relatively  about  twice  as  much  water  as  do  the  larger 
classes  of  livestock.  Relatively  large  quantities  of  water  are  eliminated 
by  the  fowls,  and  the  condensation  of  moisture  from  the  air  of  the  house 
in  cold  weather  frequently  adds  to  the  difficulties  of  keeping  the  litter 
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dry.  The  condensation  of  moisture  on  the  floor,  walls,  and  ceiling  is 
greatest  in  houses  that  are  not  insulated,  because  there  is  less  difference 
in  temperature  between  the  inside  and  the  outside  of  the  house  than  in 
houses  that  are  insulated.  The  proper  degree  of  dryness  in  a  house  is 
obtained,  therefore,  by  a  proper  system  of  ventilation  in  a  properly 
insulated  house. 

Sunlight  in  the  House  Desirable. — Sunlight  in  the  house  is  desirable 
not  only  because  it  brightens  up  the  house  and  makes  the  birds  “happy” 
but  also  because  it  tends  to  keep  the  house  dry  and  is  a  good  germicide, 
being  effective  in  destroying  disease  organisms.  Moreover,  it  has  been 
demonstrated  that  sunlight  contains  something  besides  vitamin  D,  as  a 


Fig.  92. — Interior  view  of  laying  house  showing  screen  frames  lowered  to  keep  the  birds 
off  the  droppings  boards.  ( American  Poultry  Journal.) 

source  of  which  cod-liver  and  other  fish  oils  are  sometimes  fed  to  birds 
when  they  are  confined.  All  poultry  houses  should  be  so  designed  as  to 
permit  the  admission  of  as  much  sunlight  as  possible. 

Installing  Artificial  Lights. — In  many  parts  of  the  country  the  number 
of  hours  of  daylight  during  the  late  fall  and  early  winter  months  is  much 
less  than  during  the  summer  months.  The  laying  hen’s  working  day  is 
thus  reduced,  egg  production  is  thus  retarded  somewhat,  and  feed  con¬ 
sumption  is  not  so  great  as  it  otherwise  would  be.  The  use  of  artificial 
light  does  not  of  itself  lead  to  increased  feed  consumption,  but  the  rays 
of  light  activate  the  reproductive  or  laying  organs,  and  as  a  result  of 
stimulated  egg  production  more  feed  is  consumed.  The  use  of  artificial 
lights  enables  the  birds  to  meet  the  increased  demand  for  feed.  In  many 
respects,  therefore,  the  use  of  artificial  sunlight  makes  up  for  the  defi¬ 
ciency  of  natural  sunlight. 
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The  most  practical  way  of  lighting  laying  houses  artificially  is  by 
the  use  of  electricity.  Electric-light  bulbs  are  suspended  from  the  roof 
of  the  laying  pen  in  such  a  manner  as  to  give  the  maximum  amount  of 
light  on  the  floor  and  some  light  on  the  roosts;  otherwise  the  birds  will 
not  leave  the  roosts  and  cannot  get  back  to  them  when  the  light  is  turned 
off  at  night.  One  40-watt  bulb  should  be  used  for  each  200  sq.  ft.  of  floor 
space,  the  bulbs  being  placed  not  more  than  10  ft.  apart.  The  proper 
height  of  the  bulb  depends  upon  the  depth  of  the  house  and  the  height 
of  the  roosts.  Reflectors  4  in.  in  depth  and  16  in.  in  diameter  should  be 
used  to  disperse  the  light  properly. 

In  case  lights  are  used  at  night,  a  dimming  system  must  be  provided, 
one  set  of  bulbs  of  very  low  power  being  used  on  a  two-circuit  system. 
The  bright  lights  are  turned  off  first,  leaving  the  dim  ones  on  for  about 
15  min.  to  enable  the  birds  to  go  to  roost.  Automatic  switches  to  turn 
the  lights  on  and  off  are  on  the  market,  or  a  homemade  alarm-clock  switch 
may  be  devised. 

Adequate  Floor  Space  per  Bird. — The  amount  of  floor  space  required 
per  bird  is  very  important  in  relation  to  the  results  secured  with  growing 
chickens  and  adult  birds.  The  floor-space  requirements  for  successful 
rearing  have  already  been  discussed  in  the  previous  chapter. 

In  the  case  of  laying  hens,  the  consensus  of  opinion  is  that  Leghorns 
require  approximately  4  sq.  ft.  of  floor  space  per  bird,  and  heavy  breeds, 
such  as  Plymouth  Rocks  and  Rhode  Island  Reds,  approximately  4}^  sq. 
ft.  per  bird.  The  Washington  Agricultural  Experiment  Station  recom¬ 
mends  the  number  of  layers  to  be  housed  in  the  following  sizes  of  houses: 


Size  of  house,  square  feet 

Leghorns 

Heavy  breeds 

20  X  20  =  400 

100 

90 

30  X  30  =  900 

300 

275 

24  X  24  =  576 

190 

175 

20  X  30  =  600 

200 

180 

20  X  75  =  1,500 

500 

450 

20  X  130  =  2,600 

1,000 

800 

The  size  of  the  building  will  be  determined  by  the  need,  the  number  of 
hens  to  be  housed,  and  whether  they  are  to  be  confined  to  the  building  or 
allowed  free  access  to  range.  The  smaller  the  house  unit  the  more  square 
feet  required  per  hen;  the  larger  the  unit  the  fewer  square  feet  required 
per  hen.  The  building  should  be  filled  to  capacity  in  winter  and  should 
never  be  crowded  in  summer. 

Colony  houses  accommodating  from  30  to  50  hens  are  about  as  large 
as  can  be  moved  easily,  but  larger  numbers  may  be  kept  in  one  flock  in  a 
long  house.  Flocks  of  100  to  500  are  well  adapted  to  average  conditions 
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for  the  production  of  market  eggs.  Large  flocks  require  less  labor,  fewer 
fences,  and  a  lower  house  cost  per  bird  than  small  flocks,  but  there  is  a 
greater  risk  of  disease,  and  the  individual  hen  receives  less  attention. 
I*  is  for  this  reason,  as  well  as  the  fact  that  the  smaller  the  laying  unit 


riG.  93.— Two-thirds  span  Barracks"  house.  Jones.  1935. 


usually  the  better  the  egg  production  per  bird,  that  units  of  250  layers  are 
regarded  as  the  maximum  number  that  should  be  kept  together. 

TYPES  OF  POULTRY  HOUSES 

There  are  several  types  o:  poultry  houses,  differing  as  to  T  shape  and 
'ize.  2  the  purpose  for  which  they  are  intended,  and  (3)  style  of  roof. 
At  the  same  time,  it  should  be  pointed  out  that  this  is  not  a  rigid  classi¬ 
fication  o:  poultry  houses,  because  in  many  cases  the  same  house  is  used 
for  different  purposes:  a  large  house  may  be  divided  into  several  units 
each  of  which  serves  the  same  purpose  as  a  small  house,  and  the  style  of 
roof  may  make  a  considerable  difference  in  providing  for  the  comfort  of 
the  birds.  The  classification  of  houses  given  above,  however,  is  con¬ 
venient  for  the  purpose  o:  calling  attention  to  the  different  types  of 
poultry  houses  that  are  constructed. 

Size  and  Shape  of  House. — Houses  for  poultry  of  different  ages  vary 
according  to  the  size  of  the  flock  to  be  housed  and  the  number  of  units 
into  which  the  flock  is  divided.  The  smallest  size  of  house  usually  used 
is  for  a  breeding  pen  of  about  15  birds  or  a  brooder  or  rearing  house  for  a 
colony  of  about  150  chicks.  Many  of  these  small  houses  are  portable 
in  order  that  they  may  be  moved  to  different  locations  from  time  to  time 
in  order  to  provide  new  range.  Many  brooder  houses  and  practically  all 
laying  houses  are  stationary  and  vary  in  size  from  small  houses  each  about 
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20  by  20  ft.  to  large  ones  each  about  20  or  30  ft.  wide  by  several  hundred 
feet  long. 

Birds  housed  in  stationary  houses  are  kept  confined,  allowed  on  sun 
porches,  or  allowed  on  range,  in  which  case  yards  should  be  provided. 

With  the  development  of  modem  feeding  practices,  which  make  it 
possible  to  keep  laying  hens  confined  the  year  round,  an  increasing  number 
of  poultrymen  use  two-  to  four-  and  five-story  buildings  for  the  layers. 
Barns,  dairy  stables,  and  even  silos  have  been  converted  into  laying 
houses.  The  use  of  such  large  houses  reduces  the  labor  required  to  man¬ 
age  large  flocks  as  compared  with  keeping  them  in  single-story  houses. 
Housing  costs  per  bird  are  reduced,  including  lessened  costs  for  insulation. 


Fig.  94. — The  Missouri  straw-loft  laying  house,  30  by  30  ft.  The  gable  is  filled  with 
straw  to  absorb  the  dampness,  thus  tending  to  keep  the  house  dry  in  winter  and  cool  in 
summer.  ( Mo .  State  Coll.  Apr.) 


Multiple  houses  also  simplify  ventilating  problems  and  make  it  possible 
to  maintain  more  uniform  temperatures  in  summer  and  winter.  Where 
proper  environmental  conditions  are  provided  for  the  laying  stock,  two- 
to  five-story  houses  give  satisfactory  results. 

The  shape  of  the  poultry  house  should  be  considered  in  relation  to 
its  size.  The  smaller  the  house  the  less  width  is  required,  but  for  prac¬ 
tical  purposes  brooder  and  rearing  houses  should  be  at  least  10  ft.  wide, 
and  stationary  laying  houses  for  large  flocks  should  be  at  least  20  ft.  wide. 
During  recent  years  the  tendency  has  been  to  build  laying  houses  up  to 
30  ft.  in  width. 

Houses  for  Different  Purposes. — Poultry  houses  are  used  mainly 
for  the  four  following  purposes:  (1)  brooding.  (2)  rearing.  (3^  laying. 
(4)  breeding.  On  most  farms  and  commercial  poultry  plants  brooding 


216 


POULTRY  HUSBANDRY 


houses  are  used  for  brooding  and  rearing  the  young  stock,  and  laying 
houses  are  used  for  housing  the  layers.  Sometimes  rearing  houses,  usu¬ 
ally  range  shelters,  are  used  in  addition  to  the  brooding  houses  for  rearing 
the  young  stock.  Breeding  houses  are  used  for  the  most  part  by  poultry 
breeders  who  trap-nest  th,eir  stock  and  carry  on  pedigree-breeding  work. 

On  many  farm  and  commercial  poultry  plants  the  poultryman  is 
confronted  with  the  problem  of  providing  sufficient  house  room  for  both 
the  new  crop  of  pullets  which  should  be  put  in  the  laying  houses  by  about 
September  and  the  hens  that  already  occupy  the  houses.  A  very  prac¬ 
tical  way  of  overcoming  the  difficulty  is  to  employ  what  is  called  a  “bar¬ 
racks”  house,  which  can  be  used  for  brooding  the  chicks  in  the  spring  of 


Fig.  95. — A  four-story  laying  house  accommodating  several  thousand  birds.  The 
layers  are  confined  to  the  house  from  the  time  they  enter  until  their  usefulness  for  egg 
production  is  over.  ( Jasper  Poultry  Farms.) 


the  year,  finishing  the  cockerels  as  broilers  after  the  pullets  have  been 
taken  to  the  range,  and  keeping  the  hens  from  the  time  the  pullets  require 
the  laying  house  until  the  hens  have  completed  their  summer  and  fall  egg 
production.  Hens  in  heavy  production  during  the  late  summer  and  fall 
are  profitable  because  they  lay  large  eggs,  as  compared  with  pullets,  at  a 
time  when  high  premiums  are  paid.  To  neglect  the  pullets,  leaving  them 
on  range  after  they  start  to  lay,  means  that  they  will  probably  lay  small 
eggs,  lose  flesh,  and  be  less  profitable  than  if  housed  at  the  time  produc¬ 
tion  starts.  Another  problem  that  often  confronts  poultrymen  is  the 
labor  involved  in  brooding  early  chicks  in  colony  houses.  Many  poultry- 
men  would  be  willing  to  build  a  large  brooder  house  if  it  could  be  kept 
profitably  employed  during  the  entire  year.  Still  another  perplexing 
problem  is  where  to  house  and  finish  broilers  when  the  pullets  need  all  of 
the  available  brooder  and  range  capacity.  The  barracks-house  system 
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of  management  solves  these  problems  in  a  way  that  is  economical  and 
practical. 

Style  of  Roof. — Several  different  styles  of  roof  are  used  on  poultry 
houses,  the  most  common  being  (1)  shed,  (2)  gable,  (3)  combination, 
(4)  monitor,  (5)  semimonitor.  The  style  of  roof  not  only  affects  the 
appearance  of  a  house  but  is  of  importance  in  determining  the  environ¬ 
mental  conditions  that  it  is  possible  to  maintain  within  the  house. 

The  shed-roof  house  is  the  one  most  commonly  used  for  brooding 
chicks  and  for  housing  laying  stock.  The  shed  roof  is  the  simplest  kind 
of  roof  to  build  and  requires  the  least  lumber  for  a  given  floor  space  in  the 
house.  In  a  house  with  a  shed  roof  it  is  possible  to  place  the  windows  in 
the  front  relatively  high  so  that  the  space  under  the  windows  can  be 
boarded  to  prevent  drafts  over  the  floor  and  an  abundance  of  sunlight  is 


Fig.  96.- — Types  of  roofs  of  poultry  houses.  A,  shed  roof;  B,  combination;  C,  gable;  D 

monitor;  E,  semimonitor.  {U .  S.  Dept.  Agr.) 


admitted  to  the  house.  The  shed  roof  sheds  rain  water  and  melted  snow 
to  the  rear  of  the  house,  thus  tending  to  keep  the  ground  in  front  of  the 
house  dry.  The  Connecticut  Agricultural  Extension  Service  recommends 
a  very  slight  pitch,  1  in  24  ft.,  for  multiple-story  houses.  When  this  type 
of  roof  is  used,  however,  care  must  be  exercised  to  provide  for  the  snow 
load  that  may  occur,  and  built-up  roofing  material  should  be  used. 

The  gable-roof  house  is  one  in  which  the  roof  slopes  to  the  front  and 
rear  from  the  center  of  the  house.  The  center  of  the  house  being  the 
highest  makes  it  convenient  for  the  attendant  to  work  inside.  If  the 
house  is  just  high  enough  at  the  center  to  allow  the  attendant  sufficient 
headroom,  the  front  of  the  house  is  apt  to  be  rather  low  from  the  stand¬ 
point  of  admitting  sunlight.  The  gable  roof  may  be  used  on  wider 
buildings  than  the  shed  roof. 

The  combination  roof  is  merely  a  modification  of  the  gable  roof,  the 
spans  on  each  side  of  the  peak  being  of  unequal  width.  In  most  combina¬ 
tion-roof  houses  the  wider  side  of  the  roof  slopes  northward,  and  the 
narrower  side  slopes  southward,  thus  enabling  the  windows  in  front  to  be 
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placed  high  enough  to  admit  plenty  of  sunlight.  The  “Tolman”  house, 
introduced  some  years  ago,  is  an  example  of  a  combination-roof  house  in 
which  the  wider  side  of  the  roof  slopes  southward,  thus  making  the  front 
of  the  house  quite  low. 

The  monitor-roof  house  is  one  in  which  the  center  portion  of  the  roof 
is  raised  for  the  installation  of  windows  for  the  purpose  of  admitting 
sunlight  from  both  sides.  The  monitor  roof  is  used  principally  in  wide 
houses  which  have  breeding  pens  on  both  sides  of  an  aisle  running  through 
the  center  of  the  house  from  end  to  end. 

The  semimonitor-roof  house  is  one  in  which  the  roof  back  of  the  peak 
is  raised  high  enough  to  install  windows  for  the  purpose  of  admitting 
sunlight  to  reach  the  rear  of  the  house.  This  style  of  house,  however,  is 
often  drafty  and  is  usually  difficult  to  ventilate  properly. 

CONSTRUCTING  THE  HOUSE 

In  a  book  of  this  kind  it  is  impossible  to  devote  space  to  plans  and 
specifications  of  the  numerous  kinds  and  types  of  poultry  houses  that  are 
in  use.  These  can  be  secured  from  the  various  state  agricultural  colleges 
and  experiment  stations.  In  the  space  available  for  a  discussion  of 
poultry-house  construction,  the  more  important  things  to  be  kept  in  mind 
in  building  a  house  are  treated  briefly. 

Materials  Used  in  Constructing  Houses. — Wood  in  various  forms  is 
the  cheapest  and  most  commonly  used  material  for  building  houses.  The 
framework  consists  of  the  sills,  which  support  the  building;  the  studs,  or 
uprights,  which  rest  on  the  sills;  the  plate,  which  is  on  top  of  the  studs; 
and  the  roof  rafters,  which  rest  on  the  plates.  The  sills  are  placed  on 
wooden  posts,  stones,  or  concrete  supports  or  directly  on  top  of  concrete 
walls.  Wooden  posts  should  be  from  6  to  8  in.  in  diameter,  placed  6  to 
8  ft.  apart,  and  2  to  3  ft.  in  the  ground  or  below  the  frost  level.  Cedar, 
locust,  chestnut,  redwood,  and  cypress  are  preferable  to  most  other 
woods.  Concrete  posts  may  be  used  in  place  of  wooden  posts  and  are 
much  more  durable. 

Sills . — The  sills  may  be  either  2  by  4  or  4  by  4  in.,  depending  on  the 
size  and  construction  of  the  building.  Sills  2  by  4  in.  are  heavy  enough 
for  colony  houses  or  those  of  light,  single-wall  construction  if  sufficiently 
supported,  while  sills  4  by  4  in.  are  used  for  larger  buildings  and  for  houses 
with  double  walls.  Sills  4  by  6  in.  are  used  in  two-story  henhouses  or 
other  large  poultry  buildings  and  should  be  set  on  edge,  unless  on  a  con¬ 
crete  or  stone  wall,  when  a  lighter  sill  may  be  used  and  laid  flatwise. 
Concrete  walls  are  commonly  used  as  foundations  for  large  poultry 
houses,  with  a  2-  by  4-in.  sill,  which  is  bolted  to  the  walls.  The  posts  or 
supports  must  be  set  close  together  if  light  sills  are  used. 
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Runners. — Runners  3  by  4  or  4  by  6  in.  are  used  as  sills  for  portable 
houses,  which  require  heavy  framework.  Portable  houses  that  are  to  be 
moved  on  runners  must  be  braced  extra  well  in  the  corners  to  stand  the 
strain  of  moving. 

Joists. — Floor  joists  may  be  of  2-  by  4-  or  2-  by  6-in.  lumber,  depend¬ 
ing  on  the  span.  They  should  be  from  16  to  20  in.  apart.  If  the  span 
is  over  10  ft.,  a  center  support  should  be  used  for  2-by-4  joists. 

Studding. — The  studding  is  toenailed  on  the  sill  and  should  be  set 
plumb  with  a  spirit  level  and  braced  well  until  sheathed.  The  studding 
is  set  from  2  to  4  ft.  apart  for  the  rear  walls  and  is  placed  to  fit  the  win¬ 
dows,  curtains,  and  doors  in  the  front  and  ends.  The  studs  should  be 


Fig.  97. — Cross-section  view  of  New  Jersey  multiple-unit  laying  house,  showing  shed-roof 
type  and  concrete  floor  detail.  ( Sketch  by  Acetol  Products,  Inc.) 


placed  so  that  the  lumber  will  cut  with  little  waste.  Less  studding  is 
required  if  the  building  is  boarded  up  and  down  rather  than  horizontally, 
as  in  the  former  case  only  a  few  studs  with  cross  studding  or  ties  are 
required.  Studs  2  by  4  in.  are  commonly  used,  except  that  in  large  houses 
the  corner  studs  are  generally  doubled,  making  them  4  by  4  in. 

Plates. — Plates  are  halved  or  spliced  and  nailed  together  at  the  joints 
or  ends,  which  should  be  made  over  a  post  or  stud.  They  are  spiked  at 
the  top  of  the  studding  and  are  made  of  2-  by  4-in.  scantling,  laid  flat 
on  top  of  the  studs,  or  4  by  4  made  by  spiking  two  2  by  4’s  together. 

Rafters. — Rafters  may  be  2  by  4  or  2  by  6  in.,  the  2  by  4’s  being  used 
only  in  light  buildings  where  the  clear  span  is  not  more  than  12  ft.,  and 
2  by  6’s  for  longer  spans  and  in  climates  where  roofs  have  to  bear  much 
snow. 

Purlins. — It  is  advisable  to  use  purlins  in  buildings  where  rafters  are 
more  than  12  ft.  long.  Purlins  are  usually  made  of  2-  by  4-  or  2-  by  6-in. 


220 


POULTRY  HUSBANDRY 


material  set  on  edge  on  posts  to  support  the  roof.  They  are  placed  length¬ 
wise  of  the  house  about  midway  the  length  of  the  rafters,  which  rest  on 
them.  In  a  deep  house  which  has  a  wide  droppings  board  the  purlin 
may  be  placed  at  the  front  edge  of  the  droppings  board,  so  that  the  posts 
supporting  the  purlin  will  not  be  in  the  way  in  the  pens. 

Roofs. — In  roofs  that  form  a  ridge,  a  board  may  be  placed  between  the 
ends  of  the  rafters  to  keep  the  ridge  straight  and  even,  but  this  is  not 
necessary  in  most  poultry  houses.  Collar  beams  or  crossties  1  to  6  in.  are 
used  to  prevent  the  spreading  of  the  rafters  on  gable  or  combination  roofs. 
They  should  be  placed  as  low  as  possible  on  the  rafters,  so  as  to  stiffen 
the  frame,  but  not  so  low  as  to  interfere  with  head  space. 

In  erecting  the  rafters  one  pair  may  be  set  in  position,  and  the  rest 
marked  from  these.  They  should  be  notched  only  deep  enough  to  make 
a  snug  fit  and  to  provide  good  nailing  on  the  plates,  because  deep  notching 
weakens  them.  Rafters  are  usually  spaced  2  ft.  apart,  from  center  to 
center,  so  that  the  roof  boards  will  cut  with  minimum  waste. 

Concrete  Mixtures. — Good  cement  and  clean  sand  and  gravel  are  neces¬ 
sary  for  making  a  good  concrete  mixture.  A  mixture  for  the  wall  founda¬ 
tion  may  be  made  of  1  part  cement,  2}/%  parts  sharp  sand,  and  3}4  parts 
clean  gravel  or  crushed  stone.  For  the  floor  of  a  poultry  house  the  mix¬ 
ture  should  be  1  part  cement,  2  parts  sharp  sand,  and  3  parts  clean  fine 
gravel  or  finely  crushed  stone. 

Building  the  Foundations  and  Floors. — Except  for  portable  houses, 
such  as  are  used  for  brooding  and  rearing,  practically  all  poultry  houses 
should  have  concrete  foundations  and  floors.  Before  starting  to  dig  the 
ditch  for  the  foundation,  square  the  corners  by  fixing  one  side  of  the  site 
of  the  proposed  house.  With  this  as  a  base,  locate  the  other  corner  posts 
by  using  the  6-,  8-,  and  10-ft.  combination,  measuring  6  ft.  from  one  end 
of  the  fixed  line  and  8  ft.  from  the  same  end  at  right  angles.  The  angle 
between  the  two  lines  is  fixed  by  measuring  10  ft.  from  the  6-ft.  mark 
of  the  fixed  line  to  the  end  of  the  8-ft.  line,  thereby  making  a  square 
corner. 

The  depth  at  which  the  ditch  should  be  dug  for  the  foundation  for  the 
walls  depends  upon  the  height  of  the  house  to  be  built.  Generally  speak¬ 
ing,  a  ditch  about  1  ft.  wide  by  2  ft.  deep  is  desirable,  the  exact  depth 
depending  upon  how  strong  a  wall  foundation  is  desired  and  whether  or 
not  there  might  be  danger  from  heaving  through  freezing.  Should  there 
be  any  possibility  of  water’s  getting  under  the  foundation,  a  row  of  tile 
should  be  laid  at  the  bottom  of  the  outside  edge  of  the  ditch,  and  a  good 
drainage  outlet  provided.  The  foundation  of  the  poultry  house  should 
be  at  least  6  in.  thick,  using  a  1:23^:33^  mixture  of  cement,  sand,  and 
gravel,  respectively.  The  top  of  the  wall  should  be  at  least  10  in.  above 
ground  level. 
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Concrete  floors  for  poultry  houses  are  much  more  satisfactory  than 
board  floors,  because  concrete  floors  are  ratproof,  more  durable,  and  can 
be  kept  more  sanitary.  Some  poultrymen  use  hardware-cloth  floors 
which  lie  on  the  concrete  floor,  especially  for  brooding  chicks.  The  floor 
should  have  a  pitch  of  about  4  in.  from  back  to  front.  The  foundation 
should  consist  of  about  8  in.  of  fine  gravel  or  cinders,  or,  if  there  is  danger 
of  dampness  working  up  through  the  foundation  and  the  floor  by  capillary 
action,  a  layer  of  flat  tile  or  cinder  blocks  should  be  laid  on  top  of  the 
gravel  or  cinders.  The  gravel  or  cinders  should  be  tamped  down  firmly, 
and  a  layer  of  one  thickness  of  tar  paper  laid  on  top  in  order  to  help  in 
keeping  the  floor  dry.  All  danger  from  dampness  may  be  overcome  by 
pouring  the  concrete  mixture  on  a  thick  layer  of  straw,  metal  straps  sup¬ 
ported  by  iron  stakes  being  used  as  a  support  for  the  floor  when  the  straw 
rots.  There  is  thus  formed  a  hollow  between  the  ground  level  and  the 
bottom  of  the  floor;  such  a  floor  has  been  found  to  be  cooler  in  summer  and 
warmer  in  winter  than  many  other  floors. 

The  concrete  floor  should  be  about  3  in.  thick,  and  the  top  of  the  floor 
should  be  about  8  in.  above  the  outside  ground  level.  If  a  1:2:3  mixture, 
respectively,  of  cement,  sand,  and  gravel  is  used  it  may  be  laid  down  in 
one  operation,  although  some  poultrymen  prefer  to  use  a  2-in.  thickness 
of  the  1:2:3  mixture  and  then  topcoat  it  with  a  mixture  of  1:2:2.  The 
top  of  the  floor  should  be  finished  with  a  wooden  trowel  in  order  to  produce 
a  smooth  surface,  and  the  final  finish  should  be  made  with  a  light  trowel. 
If  water  glass  is  added  to  the  top  finish  of  the  floor  it  will  be  smooth  and 
easy  to  clean.  The  floor  should  be  kept  wet  for  several  days  after  being 
laid  in  order  to  permit  the  concrete  to  harden  properly.  If  the  concrete 
floor  is  laid  down  in  cold  weather,  drying  may  be  hastened,  and  some 
protection  from  frost  provided  by  adding  2  lb.  of  calcium  chloride  for  each 
bag  of  cement,  first  dissolving  the  calcium  chloride  in  water. 

Installing  Windows  and  Ventilators. — Windows  are  necessary  to 
admit  sunlight  and,  on  adjustment,  to  admit  fresh  air  and  provide  ventila¬ 
tion.  For  the  most  part  they  should  be  placed  high  enough  so  that  the 
boarding  under  them  will  protect  the  birds  from  drafts.  Depending 
upon  the  type  and  construction  of  the  house,  approximately  1  sq.  ft.  of 
window  space  should  be  provided  for  each  20  to  35  sq.  ft.  of  floor  space. 
Windows  should  be  installed  so  that,  when  a  window  is  closed,  the  sash 
at  the  bottom  will  lap  over  the  boarding  2  in.;  and  when  it  is  open,  the 
sash  will  slide  down  out  of  sight. 

Since  ordinary  window  glass  does  not  permit  the  passage  of  the  ultra¬ 
violet  rays  of  sunlight,  and  since  these  rays  have  been  found  to  be  so 
important  in  maintaining  birds  in  good  health  and  promote  growth  and 
egg  production,  glass  substitutes  having  a  wire  base  are  often  used  for 
windows.  During  recent  years  a  number  of  glass  substitutes  have 
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appeared  on  the  market,  some  of  them  permitting  approximately  40  per 
cent  of  the  ultraviolet  rays  to  pass  through.  A  glass  substitute  should 
be  chosen  with  greq,t  care  and  if  used  should  be  fastened  to  frames  so 
arranged  that  it  can  be  protected  from  the  deteriorating  effects  of  the 
direct  rays  of  the  sun  and  high  summer  temperatures. 

Insulation  Extremely  Important. — The  proper  insulation  of  the  walls 
and  roofs  of  poultry  houses  is  extremely  important  from  several  stand¬ 
points.  (1)  In  cold  weather,  heat  is  conserved  so  that  the  birds  require 
less  feed  and  are  kept  more  comfortable.  (2)  In  hot  weather,  the  inside 


Fig.  98. — Showing  the  cross-section  view  of  the  Connecticut  24  by  24  ft.,  two-story  laying 

house.  (Jones,  1935.) 

temperature  is  considerably  cooler,  thus  keeping  the  birds  in  greater 
comfort.  (3)  The  house  temperature  varies  less  from  day  to  day  than 
in  an  uninsulated  house,  thus  promoting  better  growth  in  chickens  and 
egg  production  in  hens.  (4)  Insulation  establishes  a  greater  difference 
in  temperature  between  the  inside  and  outside  of  the  house,  thus  promot¬ 
ing  better  circulation  of  inside  air  and  better  ventilation  and  a  drier 
house  than  when  there  is  no  insulation. 

A  very  satisfactory  method  of  insulating  the  walls  of  the  house  is  to 
use  ordinary  sheathing  on  the  inside  with  building  paper  next  to  the  studs. 
Still  more  effective  insulation  is  secured  if  the  space  between  the  outside 
wall  and  the  sheathing  is  tightly  packed  with  shavings.  Several  of  the 
composition  insulating  materials  on  the  market  are  not  satisfactory  for 
insulating  walls,  because  chickens  tend  to  pick  holes  in  them. 
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For  roof  or  ceiling  insulation,  composition  boards  are  very  satisfac¬ 
tory.  For  buildings  with  high  roofs  the  ceiling  should  be  placed  as  low 
as  possible  and  still  allow  the  attendant  to  work  comfortably  in  the  house. 
The  so-called  “straw  loft”  is  another  method  of  insulating  the  roof.  The 
straw  is  supported  by  wire  netting  and  should  be  from  12  to  18  in.  deep, 
and  at  the  ends  of  the  house  above  the  straw  there  should  be  ventilators 
to  allow  air  to  pass  out  from  above  the  level  of  the  straw. 

The  Roof  Should  Be  Durable. — The  roofing  material  used  should 
provide  against  leakage  and  should  be  sufficiently  durable  to  last  for 
several  years.  For  most  types  of  roofs,  especially  those  with  a  good  pitch, 
three-ply  roofing  material  of  good  grade  is  satisfactory.  For  roofs  with 
a  slight  pitch  a  built-up  roof  is  a  practical  necessity,  as  pointed  out  by  the 
Ohio  and  Connecticut  agricultural  extension  services. 

A  built-up  roof  is  made  by  laying  several  thicknesses  of  roofing  paper 
over  wood  sheathing,  which  should  be  made  of  tongue-and-groove  boards 
in  order  to  prevent  the  wind  from  blowing  through  to  loosen  the  roof. 
The  first  layer  of  roofing  paper,  which  should  weigh  60  lb.  per  square,  is 
heavier  than  the  others  and  is  laid  at  right  angles  to  the  sheathing,  being 
nailed  down  tightly  by  using  tin-cap  spacing  nails.  The  other  layers  of 
roofing  paper,  varying  from  two  to  four  in  number,  are  cemented  down 
with  a  hot-asphalt  compound. 

Comfortable  Roosting  Arrangements. — Many  poultrymen  fail  to 
realize  that  growing  and  adult  chickens  spend  approximately  one-third  of 
their  time  on  the  roosts.  Comfort  during  the  night  is  probably  just  as 
important  as  comfort  during  the  day  for  growth  and  egg  production. 
For  growing  chicks,  roosts  should  be  provided  when  the  chicks  are  3  or 
4  weeks  of  age,  crowding  on  the  floor  being  avoided  and  the  chicks  pro¬ 
vided  with  more  air.  For  laying  hens,  the  roosts  are  usually  placed 
toward  the  back  of  the  house  6  to  8  in.  above  the  droppings  boards  or 
collecting  pans  or  over  a  pit  for  collecting  the  manure  deposited  by  the 
birds  during  the  night.  The  roosts  may  run  lengthwise  or  crosswise  of 
the  house,  and  if  droppings  boards  are  used  they  start  from  the  rear 
wall  of  the  poultry  house  and  should  be  about  3  ft.  above  the  floor. 
Droppings  pits  instead  of  droppings  boards  are  sometimes  used,  in  which 
case  the  roosts  are  about  2  ft.  above  the  floor. 

Scantlings  2  by  3  or  2  by  4  in.  with  the  narrow  edge  up  and  upper 
edges  rounded  off  make  good  roosts.  For  Leghorn  hens  a  roosting  space 
of  7  in.,  for  Plymouth  Rocks  10  in.,  and  for  Brahmas  about  12  in.  should 
be  allowed.  The  roosts  should  be  placed  about  13  to  15  in.  apart  for 
Leghorns  and  15  to  18  in.  apart  for  Plymouth  Rocks,  leaving  about  12  in. 
from  the  outside  roost  to  the  outside  of  the  droppings  board  or  pit.  Wire 
netting  1JU>  in.  mesh  No.  16  gage  should  be  placed  immediately  beneath 
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the  roosts  to  prevent  the  birds  from  picking  at  and  treading  on  the 
droppings. 

HOUSING  EQUIPMENT  AND  APPLIANCES 

Properly  equipping  the  houses  and  the  providing  of  certain  appliances 
are  necessary  for  the  efficient  management  of  the  growing  and  adult  stock. 
Oftentimes  the  installation  of  suitable  equipment  and  the  use  of  simple 
appliances  saves  much  labor  and  proves  to  be  one  of  the  best  investments 
in  management  practice.  Moreover,  with  proper  equipment  in  the 
brooding  and  laying  houses,  the  birds  are  given  a  better  chance  to  grow 
properly  and  lay  well  than  where  there  is  inadequate  equipment.  Then, 
again,  the  use  of  a  few  appliances  aids  in  keeping  the  houses  clean. 


Fig.  99. — Open  trough  for  feeding  mash  to  chicks.  The  grid,  shown  above  and  in 
place,  permits  chicks  to  have  easy  access  to  the  mash  but  prevents  waste  from  scratching. 
( Ohio  State  Agr.  Exp.  Sta.) 

Grain  Bins. — In  order  to  save  labor  in  transporting  scratch  grain  and 
mash  to  the  brooding  and  laying  houses,  it  is  often  desirable  to  have  a 
grain  bin  either  in  or  adjoining  the  house.  The  bin  should  be  located  at 
least  10  or  12  in.  above  the  floor  level  and  should  be  lined  with  tin  to 
prevent  the  depredations  of  mice  and  rats. 

Mash  Hoppers. — The  dry-mash  portion  of  the  ration  for  growing 
chicks  and  laying  hens  should  be  fed  in  self-feeding  hoppers.  Self-feeders 
enable  the  birds  to  eat  at  all  times  during  the  day.  The  hoppers  should 
be  large  enough  to  hold  a  quantity  of  mash  and  should  be  so  constructed 
as  to  avoid  any  waste.  Mash  hoppers  for  growing  stock  used  on  the 
range  must  be  so  constructed  as  to  prevent  rain  from  getting  into  the 
mash,  while  those  used  in  houses  do  not  require  a  covering  but  should 
have  a  reel  or  other  device  for  preventing  the  birds  from  getting  into  the 
mash  or  roosting  on  the  hopper. 
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Wet-mash  Troughs. — When  wet  mash  is  fed,  a  V-shaped  trougli  is 
most  suitable. 

Feed  Carriers. — Labor-saving  conveniences  in  the  way  of  feed  carriers 
constitute  a  good  investment  on  commercial  poultry  plants.  A  horse  and 
wagon  saves  many  steps  in  carrying  grain  to  the  various  houses. 


Fig.  100. — An  open  mash  hopper  with  a  reel  to  prevent  the  chicks  from  getting  into  the 
hopper  and  soiling  the  mash.  Suitable  for  chicks  after  about  3  weeks  old.  (III.  State 
Coll.  Agr.) 


Grit  and  Oyster-shell  Hoppers. — Grit  and  oyster  shell  are  fed  in  what 
are  known  as  “open  self-feeding  hoppers.”  The  essential  feature  in 
connection  with  the  feeding  of  grit  and 
oyster  shell  is  that  they  be  always 
accessible  in  a  good  location  in  the 
house. 

Fresh  Green-feed  Hopper. — In 

some  sections  of  the  country,  fresh 
alfalfa  or  grass  is  supplied  as  a  source 
of  green  feed,  and  suitable  hoppers  in 
which  it  may  be  fed  are  very  useful. 

Watering  Devices. — Clean  water 
should  always  be  available  for  all 
classes  of  chickens.  When  pans  and 
pails  are  used  they  should  be  so 
arranged  that  the  birds  cannot  get  into 
them  to  contaminate  the  water  with 
their  dirty  feet.  If  pans  for  growing 
chicks  are  used,  they  should  have  a 
wire  or  slat  covering  so  arranged  as  to 
keep  the  chicks  out  of  the  pan  itself.  Fig.  101. — A  reel  self-feeding  mash 
For  the  laying  stock,  pails  on  a  stand  bE0™elstaf  layers’  (0hio  Slate  A°r ' 
is  a  very  convenient  method  of  insuring 


an  abundant  supply  of  clean  water,  although  laying  down  water  pipes 
to  carry  the  water  to  poultry  houses  is  a  wise  investment,  particularly 
from  the  standpoint  of  saving  labor. 

In  southern  and  other  parts  of  the  country  where  there  is  little  danger 
of  the  water’s  freezing  during  the  winter  months,  watering  pipes  are 
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frequently  conducted  into  the  houses  or  to  the  fronts  of  the  houses  so 
that  running  water  is  available  at  all  times.  Usually  a  long  watering 
trough  is  located  on  a  platform  some  distance  above  the  floor,  and  a 
float  is  attached  to  the  top  so  that  an  overflow  is  avoided. 

In  northern  sections  of  the  country,  provision  for  a  watering  system 
should  be  made  before  the  laying-house  floor  is  laid  down.  Water  pipes 
should  be  laid  down  to  a  convenient  place  in  each  pen  for  locating  a  “dry 
well,”  which  should  be  large  enough  to  accommodate  the  water-pipe 
inlet  and  allow  drainage  water  from  the  water  fountain  to  drain  away.  If 


Fig.  102. — The  interior  view  of  a  well  equipped  laying  house.  1  and  2  are  part  of  the 
ventilating  system.  3  is  the  litter  carrier  running  in  front  of  the  droppings  board.  4  shows 
the  nests.  5  is  the  watering  fountain.  6  is  the  self-feeding  mash  hopper.  ( Poultry  Item 
Publishing  Co.) 

the  soil  is  not  well  drained,  special  drainage  to  the  outside  of  the  house 
should  be  provided.  In  the  riser  of  each  fountain  a  stop  and  waste 
cut-off  valve  should  be  provided  to  avoid  any  danger  of  freezing.  Water 
may  be  allowed  to  run  constantly,  or  a  pan  with  an  automatic  float  valve 
may  be  provided.  A  wire  platform  for  the  birds  and  a  large  container 
below  to  catch  the  drippings  and  carry  them  into  the  drainage  outlet 
will  help  to  keep  the  litter  in  the  house  dry. 

In  the  northern  parts  of  the  country  the  water  usually  freezes  in  the 
laying  houses  unless  it  is  heated  in  some  way.  Water  fountains  and  pails 
have  been  designed  which  are  heated  with  lamps,  electric  bulbs,  and 
especially  constructed  heating  elements.  The  use  of  lamps  for  heating 
the  water  container  is  not  advised,  because  of  the  relative  danger  from 
fire. 
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Droppings -board  Scraper. — The  proper  cleaning  of  the  droppings 
boards  is  very  important  in  keeping  the  laying  house  clean  and  sanitary. 
For  this  purpose  a  good  droppings-board  scraper  is  necessary. 

Nests. — The  nests  should  be  constructed  so  that  they  may  be  cleaned 
readily,  and  there  should  be  enough  of  them  so  that  several  hens  do  not 
crowd  into  one  nest  and  break  eggs.  Boxes  should  not  be  used  for  nests, 
because  the  corners  tend  to  harbor 
lice  and  mites  and  are  difficult  to 
clean  and  disinfect  properly. 

When  pedigree  breeding  work  is 
carried  on,  trap  nests  are  necessary. 

There  are  different  styles  of  trap 
nests  manufactured  by  various 
companies,  or  trap-nest  fronts  may 
be  purchased  and  attached  to  the 
nests.  Trap  nests  should  be  made 
so  that  they  may  be  cleaned  readily, 
and  they  should  be  durable  and  well 
ventilated.  The  traps  should  be 
kept  in  perfect  working  order  at  all 
times.  There  should  be  one  trap 
nest  for  approximately  every  four 
birds  in  the  flock. 

Egg  Carriers. — On  plants  where 
several  hundred  eggs  are  gathered 
daily,  special  egg-carrying  devices 
are  often  employed.  They  should 
be  so  constructed  as  to  facilitate 
the  collecting  of  the  eggs  and  to 
avoid  egg  breakage.  Egg  pails  should  be  well-ventilated  open  wire  or 
metal  pails  in  order  to  provide  for  the  proper  cooling  of  the  eggs  as  soon 
as  possible  after  they  are  gathered. 

Litter  Carriers. — On  many  commercial  poultry  plants,  litter  carriers 
suspended  from  overhead  tracks  are  used  in  cleaning  the  laying  houses 
and  the  droppings  boards.  Where  the  size  of  the  plant  justifies  its  use, 
the  installation  of  a  litter  carrier  is  a  good  investment. 

Broody  Coops.— Coops  for  “ breaking  up”  broody  hens  are  necessary 
in  all  houses.  The  sooner  that  broody  hens  are  broken  from  setting  the 
sooner  they  come  into  laying  condition  again.  The  coop  for  broody  hens 
should  be  so  constructed  that  it  gives  the  birds  access  to  feed  and  water 
at  all  times.  It  should  be  easy  to  clean  and  should  have  a  false  bottom 
so  that  the  droppings  will  not  accumulate  in  the  coop.  leed  cups  or 
troughs  and  water  cups  should  be  attached  to  the  coop,  because  the 
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broody  hens  should  be  fed  and  watered  regularly  in  order  to  get  them  back 
into  laying  condition  as  soon  as  possible. 

Selecting  Crates. — For  the  proper  selection  of  breeders  and  layers 
and  nonlayers,  a  good  selecting  crate  is  necessary.  It  should  be  strongly 


Fig.  104. — A  satisfactory  type  of  self-feeding  hopper  for  green  alfalfa  and  other  forms  of 

green  feed.  {Calif.  State  Coll.  Agr.) 


built,  easily  portable,  and  so  designed  with  movable  ends  and  a  sliding-top 
door  that  it  provides  for  the  most  efficient  selection  of  birds. 


Fig.  105. — A  satisfactory  type  of  self-feeder  for  green  feed.  {Ohio  Agr.  Exp.  Sta.) 

Catching  Hook  and  Net. — When  it  is  necessary  to  catch  an  individual 
bird,  a  hook  or  a  net  may  be  used.  The  catching  net  is  preferable  to  the 
catching  hook,  because  there  is  less  danger  of  injuring  the  bird. 
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Spray  Pump. — For  the  proper  disinfection  of  brooder  and  laying 
houses,  a  convenient  and  efficient  spraying  pump  is  necessary. 

Incinerator. — Diseased  birds  that  are  killed  and  dead  birds  should  be 
burned,  a  good  incinerator  being  very  convenient  for  this  purpose. 


Fig.  106. — A  slatted  platform  for  the  water  pails  for  laying  stock.  (III.  State  Coll.  Agr.) 

HOUSE-MANAGEMENT  PROBLEMS 

In  order  to  provide  the  birds  with  the  greatest  possible  comfort  while 
they  are  in  the  house  it  must  be  attended  to  with  the  greatest  of  care.  A 


Fig.  107. — A  continuous  supply  of  fresh  water  is  insured  in  this  arrangement  in  a 
Washington  State  laying  house.  Milk  pans  are  located  on  the  inside  and  the  mash  hopper 
is  located  beneath  the  water  trough.  (Wash.  State  Agr.  Exp.  Sta.) 

well-constructed  house  equipped  with  adequate  facilities  for  providing 
maximum  comfort  for  the  birds  is  of  little  use  if  improperly  managed. 
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The  windows  and  ventilators  must  be  properly  adjusted  according  to 
the  wind  and  weather  during  the  winter  months.  Neglecting  to  do  so 

even  one  night  during  a  sudden  drop  in  temper¬ 
ature  may  result  in  a  marked  decrease  in  egg 
production.  Drafts  should  be  avoided.  If 
artificial  heat  is  used  in  the  laying  house,  care 
should  be  taken  to  maintain  an  even  tempera¬ 
ture.  During  the  summer  months  the  object 
should  be  to  keep  the  house  as  cool  as  possible. 

The  litter  used  in  brooding  and  laying 
houses  should  be  a  good  absorbent  and  should 
be  kept  in  a  reasonably  sanitary  condition  at 
all  times.  Straw  is  the  most  widely  used  form 
of  litter,  although  finely  cut  cornstalks,  ground 
corncobs,  shavings,  peanut  hulls,  cottonseed 
hulls,  and  several  kinds  of  specially  prepared 
litters  have  been  used  with  varying  degrees  of 
success.  Damp  litter  is  objectionable  because 
it  tends  to  harbor  disease  organisms.  How 
frequently  the  litter  should  be  removed  depends 
largely  upon  the  number  of  birds  in  the  house, 
weather  conditions,  and  the  extent  to  which  the 
house  is  properly  ventilated. 

Sick  birds  should  be  removed  from  the  flock 
as  soon  as  they  appear,  in  order  to  prevent  the 
possible  spread  of  disease  organisms.  If  a  pen 
of  birds  in  a  long  brooder  or  laying  house 
becomes  highly  infected  with  a  contagious 
disease,  it  should  be  kept  isolated  from  all  other 
pens  until  all  danger  of  the  disease’s  assuming 
epidemic  proportions  is  over.  Birds  that  have 
been  purchased  or  returned  from  egg-laying 
contests  should  be  kept  quarantined  until  there 
is  reasonable  certainty  that  they  may  be  safely 
admitted  to  the  flock.  It  is  good  practice  not 
to  allow  visitors  inside  houses  where  birds  are 
kept  on  the  floor. 

The  watering  utensils  and  feed  hoppers, 
especially  the  former,  should  be  kept  in  sanitary 
condition  at  all  times,  for  they  are  a  constant 
source  of  the  spread  of  disease  organisms. 

The  droppings  boards  and  pit  should  be  cleaned  regularly.  Gypsum 
or  acid  phosphate  may  be  sprinkled  on  the  former  to  make  them  easier 


Fig.  108. — Cross  section 
showing  overflow  of  the  Tun¬ 
ing  water  system  shown  in 
Fig.  107.  To  prevent  clog¬ 
ging,  all  overflow  pipes  are 
2-in.  in  diameter  and  right- 
angle  connections  are  used. 

A.  Loose  nipple  lj^  in. 
long  which  holds  the  water  to 
the  desired  level  in  the  trough. 
It  is  easily  removed  with  the 
fingers  to  flush  the  trough. 

B.  Cross  section  of  3-  by 
4-in.  wooden  guttering  with 
the  O.  G.  side  toward  the  wire 
front  to  make  the  feed  trough 
more  accessible. 

C.  1-in.  coupling  which  is 
fitted  tightly  into  bottom  of 
water  trough  and  permits  easy 
removal  of  nipple  A  for 
flushing. 

(Note. — Arrow  in  illus¬ 
tration  points  by  mistake  to 
nipple  below  coupling  instead 
of  to  coupling  itself.) 

D.  45-deg.  elbows. 

E.  Lower  feeding  trough 
used  for  feeding  wet  mash  and 
lawn  grass.  (IFas/i.  Agr.  Exp. 
Sta .) 
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to  clean.  If  the  manure  in  the  droppings  pit  tends  to  develop  an  odor,  it 
may  be  sprinkled  with  creosote.  The  manure  should  be  hauled  to  land 
on  which  no  chickens  are  allowed  that  year,  or  it  may  be  sold,  as  is  often 
done  in  the  case  of  large  commercial  poultry  plants,  in  a  dried  form  to 
greenhouse  operators.  If  poultry  manure  is  to  be  stored  in  quantities 
before  being  disposed  of,  it  should  be  mixed  with  some  absorbent  material 
such  as  straw,  peat,  or  loam.  Adding  acid  phosphate  tends  to  reduce  the 
loss  of  nitrogen  because  the  acid  phosphate  combines  with  the  ammonia 
as  it  is  formed. 

Since  the  majority  of  poultry  diseases  are  filth  borne,  it  is  obvious 
that  the  poultry  house  should  be  kept  clean  at  all  times.  The  litter 


Fig.  109. — An  electrical  apparatus  for  keeping  the  water  accessible  for  the  layers  at  all 
times.  The  illustration  on  the  left  shows  the  base  with  its  electrical  unit  and  the  pail  into 
the  bottom  of  which  it  fits.  The  illustration  on  the  right  shows  the  water  pail  with  the 
indentation  for  the  electrical  unit.  (III.  State  Coll.  Agr.) 

should  be  removed  at  frequent  intervals,  and  the  house  thoroughly 
cleaned  and  disinfected  with  a  strong  disinfectant  as  prescribed  in  the 
chapter  on  Disease  Prevention.  Of  course,  the  house  should  be  put  in 
the  most  sanitary  condition  possible  before  chicks  or  laying  pullets  are 
admitted.  When  the  breeding  flock  has  been  tested  for  pullorum  disease, 
and  the  reactors  have  been  removed,  the  poultry  house  should  be  cleaned 
and  disinfected.  If  the  weather  is  cold,  instead  of  using  a  disinfectant  in 
a  water  solution,  low-grade  kerosene  with  sufficient  crude  carbolic  acid 
added  to  it  to  impart  a  distinct  odor  may  be  used. 

ALTERNATE  YARDING  MOST  DESIRABLE 

All  poultrymen  should  realize  that  there  are  no  known  substitutes  for 
sunshine  and  young  green  grass  in  keeping  poultry  in  the  best  possible 
state  of  health  and  in  promoting  growth  and  maintaining  egg  production. 
Where  sunshine  and  young  green  grass  cannot  be  provided,  as  in  the 
case  of  birds  kept  in  strict  confinement,  the  best  possible  substitutes  must 
be  provided.  In  the  case  of  most  farm  and  many  commercial  flocks, 
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however,  the  growing  stock  is  reared  on  range,  and  the  adult  birds  are 
given  yards  or  allowed  to  roam  at  will. 

If  the  staggering  losses  among  growing  chicks  and  laying  birds  that 
occur  annually  are  to  be  reduced  materially,  better  methods  of  flock 
management  must  be  employed.  The  losses  from  mortality  are  due 

largely  to  internal  parasites  and  diseases  of 
one  kind  or  another.  Bare  ground  over  which 
the  chickens  have  run  for  some  time,  mud 
puddles,  and  stagnant  water  are  the  chief 
sources  of  the  spread  of  diseases,  most  of 
which  are  filth  borne. 

The  poultry  part  of  the  farm  organization 
should  be  regarded  as  one  of  the  farm  units 
and  should  be  treated  as  such.  On  many 
farms  the  cash  income  obtained  from  poultry 
exceeds  that  obtained  from  each  of  several 
grain  crops,  several  acres  being  used  in  the 
growing  of  each  of  these  crops.  Setting  aside 
a  few  acres  for  the  poultry  plant  is  thoroughly 
justified  and  should  prove  to  be  a  good  invest¬ 
ment  in  increasing  the  returns  from  the  poul¬ 
try  flock. 

The  growing  stock  should  be  kept  separate 
from  the  adult  stock  because  of  the  possibility 
of  transmitting  disease  from  the  adult  to  the 
young  stock  and  because  the  land  on  which 
the  adult  stock  has  been  allowed  to  run  for 
several  years  is  liable  to  be  badly  infested 
with  parasites.  Chickens  and  turkeys  should 
be  kept  separate,  for  the  simple  reason  that 
the  former  may  become  infected  with  the 
“blackhead”  organism  common  to  turkeys, 
and  turkeys  may  become  infected  with  a 
rather  common  chicken  disease.  Also,  all 
chickens  should  be  kept  separate  from  swine,  especially  in  the  midwestern 
sections  of  the  United  States  where  it  has  been  shown  that  swine  some¬ 
times  become  infected  with  avian  tuberculosis  organisms. 

The  mortality  that  usually  occurs  in  growing  and  adult  stock  may  be 
materially  reduced  by  providing  the  birds  with  an  alternate  yarding 
system.  Probably  the  best  arrangement  is  to  provide  each  colony 
brooder  and  each  laying  house  with  three  yards  which  the  birds  would  be 
allowed  to  use  every  3  or  4  weeks.  By  alternating  the  birds  in  the  yards 
every  3  or  4  weeks  each  yard  is  kept  reasonably  sanitary,  especially  if  the 


Fig.  110/ — Scraper  for  clean¬ 
ing  droppings  boards. 

A.  Side  view  of  scraper. 
Note  how  the  lower  edge  is 
turned  in  44  in.  to  make  it  cling 
to  the  boards.  For  scraping 
next  to  wall,  turn  scraper  over 
and  use  top  edge. 

B.  Top  view  of  scraper 
showing  attachment  to  rake  or 
hoe  handle.  The  handle  is  4  to 
5  ft.  long  and  should  be  strong, 
rather  stiff,  but  not  too  heavy. 
The  handle  should  have  a 
strong  iron  ferrule  to  receive 
forked  irons  connecting  handle 
to  scraper.  These  irons  may 
be  made  of  or  %  square  or 
round  steel  to  make  it  strong 
and  stiff.  The  ends  which  go 
into  handle  may  be  tapered  or 
reduced  in  size  somewhat  and 
welded.  Make  sure  it  is  riveted 
through  the  ferrule. 

C.  Blade  for  scraper  4  by 

10  in.  The  41 6_  or  holes 

are  2  in.  from  ends  and  the  edge 
of  holes  is  44  in.  above  the 
middle.  (Ohio  Agr.  Exp.  Sta.) 
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soil  in  the  immediate  vicinity  of  the  house  is  cultivated  and  treated  with 
lime,  and  young  green  grass  is  available  for  the  birds  throughout  the 
season.  The  importance  of  clean  range  for  both  young  and  adult  stock 


Fig.  111.- — Dark  nests  and  broody  coop  above  them.  {Wash.  State  Agr.  Exp.  Sta.) 


cannot  be  emphasized  too  strongly.  For  young  stock  the  size  of  each 
yard  will  depend  upon  the  size  of  the  colony  of  chicks  being  brooded  and 
reared;  each  yard  should  be  large  enough  to  provide  the  chicks  with  an 


adequate  supply  of  young  grass  while  they  are  in  the  yard.  For  adult 
stock  a  good  grass  sward  can  be  maintained  on  fertile  soil,  allowing  about 
200  birds  to  the  acre. 
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One  very  important  factor  often  overlooked  in  connection  with  the 
yarding  of  poultry  is  the  fertilizing  value  of  the  poultry  manure  deposited 
on  the  land  by  the  fowls  as  they  graze  on  the  grass.  The  British  Ministry 
of  Agriculture,  in  a  study  on  the  effect  on  vegetation  and  soil  of  poultry 
on  range,  has  submitted  the  following  as  the  average  analysis  of  poultry 
manure : 


Per  Cent 


Moisture .  52.93 

Organic  matter .  29.30 

Total  nitrogen .  2.12 

Total  potash  (K20) .  0.60 

Total  phosphoric  acid  (PoO&) . 1.21 

Total  calcium  oxide  (CaO) .  1.16 


In  experiments  conducted  in  England  on  raising  poultry  on  grasslands, 
it  was  found  that  there  was  a  general  increase  in  the  protein  and  phos¬ 
phoric  acid  content  of  the  grass  on 
which  poultry  was  kept.  On  the 
other  hand,  it  was  found  that  on 
land  on  which  poultry  was  kept, 
lime  was  lost  from  the  soil  at  an 
extremely  rapid  rate.  When  200 
adult  birds  were  given  an  acre  of 
acid  land  for  grazing,  it  was  found 
that  about  650  lb.  of  burnt  lime 
were  required.  Another  outstand¬ 
ing  observation  made  in  this  experi¬ 
ment  was  that  the  available 
phosphoric  acid  in  the  surface  soils 
increased  from  0.008  to  0.032  per 
cent  when  poultry  had  used  the 
same  land  3  years  in  succession. 
It  was  also  noted  that  the  effect  of 
4  or  more  years'  continuous  stock¬ 
ing  with  poultry  on  the  same  land 
was  to  cause  the  ratio  of  available 
phosphate  to  available  potash  to  become  abnormally  high.  This  lack 
of  balance  was  developed  most  strikingly  in  the  case  of  chalk  soils  on 
which  poultry  had  been  kept  for  over  8  years.  Since  the  phosphate 
accumulates  in  the  top  few  inches  of  soil,  the  most  satisfactory  treatment 
might  be  to  plough  up  the  yard,  apply  potash,  and  reseed  to  grass. 

The  combined  management  of  poultry  and  the  maintenance  of  soil 
fertility^presents  a  problem  to  the  farm  poultry  raiser.  In  order  to 
provide  suitable  range  and  green  feed  for  poultry,  a  dense  sward  of  young 


Fig.  113. — A  litter  carrier  for  transporting 
the  manure  from  the  droppings  boards  to  the 
manure  house  or  pit.  ( U .  S.  Dept.  Agr.) 
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green  grass  must  be  maintained.  The  high  nutritive  value  of  young 
green  grass  is  well  established,  and  it  behooves  the  poultryman  to  do 


Fig.  114. — A  crate  for  catching  chickens.  At  each  end  there  is  a  sliding  door  that  can 
be  raised,  and  there  is  a  sliding  door  in  the  top.  ( U .  S.  Dept.  Agr.) 


Fig.  115. — Poultry-catching  crate,  which  is  placed  in  front  of  the  runway  to  the  house. 

( Plan  by  Kan.  State  Ext.  Service.) 

everything  possible  to  provide  the  birds  with  yarding  conditions  that  will 
supply  succulent  grass  and  at  the  same  time  maintain  sanitary  soil  which 
will  promote  the  health  of  the  birds.  Where  the  triple-yard  system  of 
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yarding  poultry  is  employed  it  would  seem  desirable  to  lime  the  land  at 
the  rate  of  about  1  ton  per  acre  and  also  add  potash  at  the  rate  of  300  lb. 
per  acre  once  in  every  4  years  in  order  to  maintain  a  balance  with  the 
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Fig.  116. — Method  of  constructing  a  catching  hook.  {Calif.  Agr.  Exp.  Sta.) 


) 


Fig.  117.- — Net  for  catching  chickens.  {Calif.  Agr.  Exp.  Sta.) 


Fig.  118. — A  spray  pump  is  very 
useful  for  disinfecting  poultry  houses. 
{III.  State  Coll.  Agr.) 


Fig.  119.- — A  good  incinerator  for 
the  poultry  farm.  {N.  J.  Agr.  Exp. 
Sta.) 


phosphorus  added  to  the  soil  by  the  fowls.  The  manure  deposited  by  a 
flock  of  growing  or  adult  birds  would  enable  a  considerable  reduction 
to  be  effected  in  the  expenditure  on  nitrogenous  fertilizers  applied  to 
stimulate  the  growth  of  grass. 
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Certain  it  is  that  farmers  and  commercial  poultrymen  should  give 
much  more  thought  than  is  customary  not  only  to  the  fertilizing  value  of 
poultry  manure  but  also  to  the  advantages  from  the  standpoint  of  con¬ 
trolling  mortality  by  providing  an  adequate  yarding  system  for  their 
young  and  adult  stock. 

KEEPING  LAYERS  IN  CAGES 

Partly  as  the  result  of  high  mortality  which  has  occurred  in  many 
laying  flocks  kept  in  the  ordinary  type  of  house  and  partly  because  of  the 
high  cost  of  land  in  certain  sections,  many  poultrymen  have  adopted 
the  system  of  keeping  layers  in  cages.  The  diet  of  birds  thus  confined 
must  be  much  more  carefully  balanced  than  in  the  case  of  birds  that  have 
access  to  sunlight  and  a  good  grass  range.  Nevertheless,  under  proper 
conditions  it  is  possible  for  some  poultrymen  to  operate  a  laying-cage 
system  successfully  and  profitably,  provided  the  overhead  costs  and 
maintenance  expenses  are  not  excessive. 

Houses  for  Laying  Cages. — The  proper  type  of  house  for  laying  cages 
is  relatively  more  expensive  than  the  ordinary  type  of  house,  because  the 
ceiling  must  be  higher  and  the  house  should  be  better  insulated  than  is 
necessary  in  most  of  the  houses  where  chickens  are  kept  on  the  floor.  Of 
course,  there  are  no  nests,  roosts,  or  droppings  boards  to  be  provided,  but 
these  items  are  in  many  cases  more  than  offset  by  the  expense  of  the 
laying-cage  units. 

The  building  should  be  of  a  size  and  shape  to  accommodate  the  par¬ 
ticular  style  and  number  of  laying-cage  units  to  be  installed,  allowing 
plenty  of  room  for  the  aisles  and  at  the  ends  of  the  cages.  A  feed  room, 
an  egg  room,  and  a  storage  room  should  be  located  convenient  to  the 
laying-cage  room.  The  ceiling  of  the  laying-cage  room  should  be  about 
10  ft.  high  in  order  to  provide  for  adequate  ventilation.  The  windows 
should  be  placed  so  that  they  can  be  opened  if  necessary  for  ventilation 
purposes  and  at  the  same  time  provide  for  proper  lighting.  The  walls 
should  be  well  insulated,  care  being  taken  to  keep  out  mice  and  rats.  The 
floor  should  be  provided  with  a  drain. 

Temperature  Requirements. — In  the  southern  sections  of  the  United 
States  it  is  probably  not  necessary  to  heat  the  laying-cage  room  during  the 
winter  months,  but  in  the  North  some  heat  is  apparently  necessary  for 
best  results.  An  even  temperature  of  about  45 °F.  is  desirable,  and  in  the 
case  of  a  large  room  containing  1,000  or  more  layers  a  hot-air,  forced- 
circulation  heating  system  is  preferred  by  many  laying-cage  operators. 

Ventilation  Requirements. — The  ventilation  of  the  laying-cage  room 
is  a  problem  requiring  a  special  ventilating  system,  if  large  numbers  of 
birds  are  kept  in  batteries  in  a  single  room.  In  view  of  the  cubic  contents 
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of  most  laying-cage  rooms  in  relation  to  the  number  of  birds  involved, 
however,  there  is  usually  no  trouble  in  supplying  adequate  quantities  of 
fresh  air  or  in  removing  the  carbon  dioxide.  In  order  to  provide  adequate 
ventilation,  electrically  operated  fans  are  usually  installed  in  the  walls  or 
in  ventilating  shafts  through  the  roof. 

Poultrymen  who  keep  laying  hens  in  cages  should  appreciate  the 
fact  that  the  ventilation  system  employed  for  the  battery  room  should  be 
correct  in  principle.  Accurate  knowledge  of  the  size  of  ventilators 
required  for  a  particular  room  is  of  the  greatest  importance.  In  experi¬ 
ments  conducted  in  England  it  was  found  that  the  most  satisfactory 
returns  from  the  birds  were  obtained  when  the  air  was  changed  eight 
times  per  hour.  The  cowls  used  on  the  outlets  should  operate  inde¬ 
pendently  of  the  direction  of  the  wind. 

The  cubic  contents  of  the  room  to  be  ventilated  should  be  ascertained ; 
multiplying  this  by  8  gives  the  amount  of  air  to  be  introduced  into  the 
room  and  drawn  off  every  hour.  The  correct  type  of  cowl  for  the  outlet 
should  have  a  guaranteed  rate  of  extraction  per  hour,  so  that  the  proper 
number  of  cowls  can  be  easily  determined  according  to  the  size  of  the 
battery  room  to  be  ventilated. 

There  should  also,  of  course,  be  a  proper  balance  between  intakes  and 
outlets  in  order  to  provide  for  balanced  ventilation.  The  air  introduced 
at  the  floor  level  must  be  entirely  draftless.  The  air  movements  within 
a  cage  room  full  of  laying  hens  should  be  tested  by  an  anemometer  in 
order  to  make  sure  that  adequate  ventilation  may  be  provided. 

Humidity  Requirements. — The  health  and  egg  production  of  the 
layers  is  influenced  not  only  by  the  temperature  and  ventilation  of  the 
laying-cage  room  but  also  by  the  humidity  of  the  air  in  the  room.  On 
the  other  hand,  supplying  humidity  is  not  a  problem  of  great  concern 
except  in  the  case  of  large  laying-cage  plants,  in  which  case  a  humidifier 
attached  to  the  heating  unit  can  be  utilized  to  keep  the  relative  humidity 
of  the  air  in  the  room  at  about  50  per  cent. 

Building  and  Installation  Service  Available. — The  building  of  a  proper 
type  of  laying-cage  room  and  the  proper  installation  of  heating,  ventilat¬ 
ing,  and  humidifying  units  involves  so  many  technical  details  that  a 
properly  qualified  engineer  should  be  consulted.  A  poultryman  thinking 
of  installing  laying  cages  for  the  first  time  should  give  most  careful  con¬ 
sideration  to  the  initial  costs  of  the  building  and  cages  as  well  as  to  the 
costs  of  operating  and  maintaining  the  laying-cage  system.  Particular 
care  should  be  taken  to  secure  well-made  cages  which  are  durable,  rust¬ 
proof,  and  well  finished.  The  feeding  and  watering  arrangements  should 
be  simple,  and  the  system  for  removing  the  droppings  should  be  efficient. 
Probably  the  best  type  of  cleaning  equipment  is  a  heavy  galvanized-iron 
trough  over  which  a  metal  scraper  is  drawn. 
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Laying-cage  Management  Problems. — Success  with  laying  cages 
depends  not  only  upon  the  proper  kind  of  building  and  efficient  cages  but 
also  upon  the  routine  care  that  the  birds  receive.  With  certain  types  of 
cages  two  outstanding  objections  have  materially  lowered  profits.  The 
wastage  of  feed  that  occurs,  regardless  of  whether  mash  or  pellets  are 
fed,  and  the  number  of  eggs  that  are  slightly  cracked  are  factors  with 
which  most  laying  cage  operators  have  had  to  contend. 

The  feed  and  water  troughs  should  be  kept  scrupulously  clean  at  all 
times,  and  the  cages  should  be  thoroughly  cleaned  and  disinfected  at 
regular  intervals.  The  droppings  should  be  removed  daily,  or  strong 
odors  are  liable  to  permeate  the  atmosphere.  The  method  of  feeding, 
including  the  use  of  artificial  lights,  is  discussed  in  subsequent  chapters. 
The  ultimate  success  achieved  with  laying  cages  depends  largely  upon 
the  careful  attention  to  many  items  of  daily  management,  the  details  of 
which  are  much  more  exacting  than  in  the  case  of  laying  stock  kept  in  the 
ordinary  type  of  laying  house. 
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CHAPTER  VIII 


FEEDING  PRINCIPLES 

Nowadays  it  seems  a  wonder  that  the  chicken  could  even  manage  to 
live,  much  less  grow  well  and  produce  eggs  at  a  high  rate,  prior  to  the 
many  discoveries  of  fundamental  importance  in  poultry  nutrition.  Just 
as  the  wild  fowl  in  its  original  habitat  did  not  have  to  worry  about  a 
balanced  diet,  so  the  early  poultry  raiser  was  not  concerned  about  the 
protein,  mineral,  and  vitamin  requirements  of  his  birds,  which  had  access 
to  sunshine,  grains  and  seeds,  green  grass,  and  insects  in  variety.  Rapid 
growth  in  the  young  stock  and  high  egg  production  in  the  laying  stock 
were  not  essential  in  the  early  days  of  poultry  husbandry.  Moreover,  the 
grains  consumed  by  poultry  in  early  times  were  more  completely  balanced 
in  nutrients  than  those  produced  in  recent  years,  many  of  which  are  grown 
on  depleted  soils. 

Then,  again,  modern  milling  practices  employed  in  the  preparation 
of  various  grain  foods  for  human  beings  have  resulted  in  the  development 
of  by-products  for  poultry  having  different  feed  values  from  those  in 
former  times.  Various  newly  developed  industries  are  taking  more  and 
more  of  certain  products  for  food  for  human  beings  and  for  other  uses. 
The  processing  practices  employed  in  the  preparation  of  feeds  used  to 
supplement  the  grain  portion  of  poultry  diets  often  result  in  a  marked 
change  in  the  poultry-feeding  value  of  the  finished  product. 

At  the  same  time,  it  should  be  noted  that  while  these  changes  were 
taking  place  greater  demands  were  being  made  for  more  rapid  growth  and 
a  higher  level  of  egg  production  in  the  poultry  raised.  Greater  productive 
performance  became  necessary  in  order  that  the  production  of  poultry 
meat  and  eggs  could  be  carried  on  as  efficiently  as  possible.  As  the  feed 
supply  for  poultry  became  more  variable,  frequently  poorer  in  nutritive 
value,  the  needs  of  the  growing  and  adult  poultry  became  more  exacting. 
This  is  especially  true  in  the  case  of  growing  stock  reared  and  adult  birds 
kept  in  confinement.  It  is  not  surprising,  therefore,  that  successful 
poultry-feeding  practice  has  become  a  much  more  complicated  problem 
than  it  was  even  a  few  years  ago. 

Largely  as  the  result  of  raising  young  stock  and  keeping  adult  stock 
in  strict  confinement,  the  field  of  poultry  nutrition  has  expanded  con¬ 
siderably  because  each  new  discovery  made  reveals  new  fields  to  be 
explored.  Up  to  a  few  years  ago  the  principal  concern  seems  to  have  been 
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to  make  sure  that  sufficient  amounts  of  protein,  minerals,  and  vitamins 
were  contained  in  the  diet,  but  recent  research  has  demonstrated  that 
excessive  amounts  of  these  nutrients  may  be  either  wasteful  or  even  harm¬ 
ful  in  their  effects.  The  quality  as  well  as  the  quantity  of  different 
nutrients  has  been  shown  to  be  of  importance  in  the  preparation  of  diets 
for  poultry  that  are  raised  for  egg  or  meat  production.  Of  particular 
importance  from  the  standpoint  of  efficiency  of  production  is  the  fact  that 
nutritive  balance  plays  a  significant  role  in  the  over-all  usefulness  of  the 
diet  as  a  whole.  In  the  field  of  poultry  nutrition  comparatively  little  is 
known  concerning  the  optimum  intakes  of  the  various  nutrients,  either 
absolutely  or  in  relation  to  each  other. 

The  body  of  the  chicken  is  a  chemical  laboratory  where  varied  and 
complex  transformations  of  nutrients  are  taking  place  incessantly.  The 
primary  purpose  involved  in  the  feeding  of  poultry  is  to  be  able  to  compile 
diets  and  employ  methods  of  feeding  that  will  enable  the  bird  to  utilize 
most  efficiently  the  nutrients  in  the  feed  for  the  purpose  intended,  whether 
it  be  rapid  growth,  good  egg  production,  or  fattening. 

THE  ESSENTIAL  NUTRIENTS 

The  nutrition  of  poultry  involves  various  chemical  and  physiological 
activities  which  transform  the  various  nutrients  contained  in  feeds  into 
body  elements.  The  chemical  composition  of  the  fowl’s  body  when 
considered  in  relation  to  the  chemical  composition  of  poultry  feeds  gives 
a  general  picture  of  the  nutrition  process.  The  fowl’s  body  contains  the 
following  six  distinctly  different  groups  of  nutrients:  (1)  water,  (2)  pro¬ 
teins,  (3)  carbohydrates,  (4)  fat,  (5)  minerals,  (6)  vitamins.  These 
nutrients  are  not  evenly  distributed  throughout  the  various  organs  and 
tissues  of  the  body  but  are  more  or  less  localized  according  to  their  func¬ 
tions.  Water,  of  course,  is  an  essential  constituent  of  every  organ  of  the 
body,  though  bones,  for  example,  contain  relatively  less  than  blood. 
Proteins  are  present  in  every  cell  and  are  the  principal  constituent,  except 
for  water,  of  such  organs  as  the  heart  and  kidney  and  the  muscles,  ten¬ 
dons,  and  egg  white.  Fat  is  usually  found  deposited  under  the  skin, 
around  the  intestines  and  kidneys,  but  is  also  present  in  other  parts.  The 
presence  of  carbohydrates  in  the  fowl’s  body  is  not  indicated  in  the  accom¬ 
panying  table,  although  small  amounts  are  present.  Minerals  are  found 
in  varying  amounts  in  different  organs  and  structures;  and  vitamins,  for 
the  most  part,  are  found  in  the  liver  and  in  the  egg. 

The  nutritive  value  of  poultry  feeds  is  determined,  for  the  most  part, 
by  the  presence  or  absence  of  the  six  different  groups  of  nutrients :  water, 
carbohydrates,  fat,  protein,  minerals,  and  vitamins. 

Water. — Water,  which  is  composed  of  the  elements  hydrogen  and 
oxygen  in  the  proportion  of  2  to  1  (H20),  not  only  accounts  for  approxi- 
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Table  32. — Composition  of  Fowl  and  Egg1 
(Lippincott,  1927)2 


Water, 
per  cent 

Protein, 
per  cent 

Min¬ 
eral, 
per  cent 

Fat, 
per  cent 

Leghorn  hen,  entire  fowl . 

55.80 

21.60 

3.80 

17  00 

Mature  Plymouth  Rock,  capon . 

New-laid  egg,  entire . 

41.60 

65.90 

19.40 

12.83 

3.70 

10.68 

33.90 
10  59 

New-laid  egg,  without  shell . 

74.45 

12.16 

0.97 

9.74 

White  of  egg . 

86.20 

12.30 

0.20 

0  60 

Yolk . 

48.63 

17.58 

1.55 

32.23 

Dry  matter  in  hen . 

48.90 

8.60 

38  50 

Dry  matter  in  entire  egg . 

33.30 

35.60 

25.90 

Dry  matter  in  entire  egg  aside  from  shell . 

49.80 

3.50 

38.60 

1  The  analyses  recorded  in  this  table  are  from  several  different  sources  and  are  not  always  in  exact 
agreement. 

2  Lippincott,  William  A.,  “Poultry  Production.”  By  permission  of  Lea  &  Febiger,  publishers. 


mately  56  per  cent  of  the  fowl’s  body  and  66  per  cent  of  the  egg  but  ranks 
far  above  any  other  substance  as  regards  rate  of  turnover  in  the  body. 
Water  facilitates  cell  reactions  and  is  able  to  absorb  the  heat  of  these 
reactions  with  a  minimum  rise  in  temperature.  The  latent  heat  of 
vaporization  that  water  possesses  enables  it  to  play  an  important  role  in 
regulating  body  temperature.  Water  serves  an  important  role  in  lubri¬ 
cating  the  joints  and  acts  as  a  water  cushion  for  the  nervous  system.  It 
serves  to  soften  the  feed,  aids  in  the  processes  of  the  digestion  and  absorp¬ 
tion  of  other  nutrients,  serves  in  transporting  the  end  products  of  digestion 
from  the  digestive  tract  to  various  parts  of  the  body,  and  assists  in  the 
elimination  of  waste  products. 

Carbohydrates. — The  carbohydrates,  for  the  most  part,  do  not  occur 
as  constituents  of  the  animal  body.  Nevertheless,  they  form  by  far  the 
largest  share  of  the  poultry  diet  for  the  simple  reason  that  they  constitute 
about  three-fourths  of  the  dry  weight  of  plants  and  cereals.  The  plant, 
with  the  aid  of  its  chlorophyll,  utilizes  the  energy  of  the  sun  to  build  up 
carbohydrates,  such  as  starches,  sugars,  and  cellulose.  The  carbohy¬ 
drates  are  composed  of  carbon,  hydrogen,  and  oxygen,  the  hydrogen  and 
oxygen  nearly  always  being  in  the  same  ratio  as  in  water.  In  the  poultry 
diet  the  carbohydrates  serve  as  a  source  of  energy  for  the  fowl’s  body  and 
for  the  production  of  fat. 

Starch  is  a  common  substance  in  all  poultry  diets,  the  starch  of  the 
corn  kernel  being  a  common  source.  Sugars  are  also  used  in  the  diet, 
lactose,  the  sugar  of  milk,  being  a  familiar  example.  Cellulose  represents 
the  crude  fiber  of  the  poultry  diet  but  is  not  a  good  source  of  energy  in 
poultry  nutrition. 
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Fats. — The  fat  that  is  deposited  under  the  skin,  around  the  gizzard 
and  intestines,  and  elsewhere  in  the  body  as  well  as  in  the  yolk  is  derived 
largely  from  the  starches  and  fats  in  the  feed.  Fats  comprise  two  groups 
of  substances,  the  true  fats  and  certain  fatlike  substances,  such  as 
ergosterol  and  cholesterol. 

The  true  fats  are  comprised  of  carbon,  hydrogen,  and  oxygen  but  in 
different  proportions  from  those  in  the  carbohydrates,  the  proportion  of 
oxygen  in  fats  being  much  low^er  than  in  carbohydrates.  Fats  serve  as 
sources  of  energy  for  the  body,  just  as  carbohydrates  do,  but  since  fats 
contain  relatively  less  oxygen  they  yield  approximately  2J4  times  as 
much  energy  as  a  similar  quantity  of  carbohydrates. 

Cholesterol  is  a  fatlike  substance  which  is  constantly  being  formed 
and  destroyed  in  the  body,  occurs  in  the  blood,  and  probably  serves  for 
the  transport  of  fatty  acids.  Ergosterol  occurs  in  plants  and  is  associated 
with  cholesterol  in  animals. 

Proteins. — Since  protein  is  the  principal  constituent  of  the  organs, 
muscles,  and  other  parts  of  the  fowl’s  body,  an  adequate  supply  of  protein 
should  be  available  in  the  feeds  in  order  that  growth  and  tissue  repair  may 
proceed  normally.  Not  only  do  plant  proteins  differ  from  each  other,  but 
they  also  differ  from  animal  proteins.  Moreover,  each  animal  contains 
many  proteins  peculiar  to  the  species  to  wThich  the  animal  belongs.  Pro¬ 
teins  are  complex  substances  containing  the  elements  carbon,  hydrogen, 
oxygen,  and  nitrogen;  most  proteins  also  contain  sulfur,  and  a  few  of  them 
contain  iron  and  phosphorus.  The  outstanding  characteristic  of  proteins 
is  the  presence  of  nitrogen,  of  which  they  contain  approximately  16  per 
cent.  Therefore,  in  calculating  the  amount  of  protein  in  any  poultry 
feed  the  amount  of  total  nitrogen  present  is  multiplied  by  6.25,  since 
100  divided  by  16  =  6.25.  It  should  be  observed,  however,  that  it  is 
not  always  true  that  all  of  the  nitrogen  is  in  protein  form,  nor  do  all 
proteins  contain  16  per  cent  nitrogen. 

It  has  been  shown  by  the  results  of  experiments  conducted  at  St. 
Thomas’  Hospital  Medical  School,  London,  England,  that  proteins  differ 
with  respect  to  their  biological  value,  which  is  expressed  in  terms  of  the 
percentage  of  nitrogen  retained  by  a  bird  for  maintenance  or  productive 
purposes  to  nitrogen  digested  or  absorbed.  In  other  words,  the  biological 
value  of  a  protein  refers  to  its  utilizability.  It  was  found  that  the  biologi¬ 
cal  value  of  a  protein  or  group  of  proteins  depended  partly  upon  the 
level  at  which  the  protein  or  group  of  proteins  was  fed  and  partly  upon 
the  chemical  nature  of  the  other  proteins  contained  in  the  diet.  Equiva¬ 
lent  amounts  of  proteins  from  the  sources  indicated  on  the  next  page  were 
fed  tq  Light  Sussex  chicks  in  order  to  determine  the  growth-promoting 
values  of  the  various  proteins,  the  value  of  100  being  attributed  to  the 
protein  of  milk,  called  “  caseinogen.  ” 
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The  results  given  here  indicate  quite  clearly  that  proteins  of  animal 
origin  are  superior  in  biological  value  to  proteins  of  plant  origin. 


F resh  egg  white . 

130.6 

Soybean . 

55.6 

Fresh  egg  yolk . 

100.9 

Blood  meal . 

48.0 

Caseinogen  from  milk . 

100.0 

Split  peas . 

45.0 

Fish  meal . 

85.3 

Bean  meal . 

36.3 

Dried  egg  yolk . 

80.5 

Lactalbumin . 

31.6 

Fat-free  meat  meal . 

74.1 

Alfalfa . 

25.6 

Wheat  germ . 

68.0 

Grass . 

22.0 

Dried  yeast  . 

62.0 

Lentils . 

19  0 

The  differences  in  the  biological  value  of  proteins  from  different 
sources  soon  established  the  fact  that  the  differences  were  associated  with 
the  presence  or  absence  or  partial  deficiency  of  certain  amino  acids,  which 
are  the  constituents  out  of  which  the  plant  and  animal  proteins  are  con¬ 
structed.  Although  23  different  amino  acids  have  been  identified  as 
occurring  in  proteins,  there  are  at  least  4  that  have  been  found  to  be 
essential  for  promoting  growth  in  poultry.  These  four  essential  amino 

acids  are  methionine,  lysine,  histidine,  and  tryptophane.  Certain  other 

•  •  » 

amino  acids  maybe  essential  for  specific  functions,  such  as  egg  production. 
The  reason  that  some  of  the  others  are  not  necessary  in  the  diet  is  because 
they  can  be  built  up  in  the  animal  body  from  other  amino  acids.  Since 
the  fowl’s  body  is  unable  to  build  up  certain  amino  acids  that  are  present 
in  its  proteins,  it  is  obvious  that  the  value  of  a  given  protein  in  the  poultry 
diet  is  governed  by  its  amino-acid  make-up. 

Minerals. — Animals  can  live  but  a  few  days  on  feed  that  is  practically 
free  of  mineral  matter.  The  need  of  minerals  in  the  diet  is  made  clear 
when  the  mineral  content  of  the  fowl  and  the  egg  is  taken  into  considera¬ 
tion,  approximately  8.6  per  cent  of  the  dry  matter  of  the  fowl’s  body  and 
about  35.6  per  cent  of  the  dry  matter  in  eggs  being  composed  of  mineral 
matter.  The  shell  constitutes  approximately  10  per  cent  of  the  total 
weight  of  the  egg  and  is  composed  almost  entirely  of  calcium  carbonate. 
A  large  number  of  mineral  elements  occur  in  combination  with  each  other 
and  in  combination  with  the  organic  constituents  of  the  fowl’s  body;  the 
bones  and  eggshell  especially  are  rich  in  minerals  or  ash. 

Up  to  the  present,  the  following  minerals  have  been  found  to  perform 
essential  functions  in  the  body:  calcium,  phosphorus,  sodium,  magnesium, 
chlorine,  potassium,  iron,  sulfur,  iodine,  manganese,  copper,  and  zinc. 
Other  mineral  elements,  such  as  barium,  strontium,  and  vanadium,  have 
been  found  to  be  more  concentrated  in  the  blood  of  the  chicken  and  in  the 
egg  than  in  the  feed,  and  it  may  be  that  these  mineral  elements  are  of 
considerable  physiological  importance.  Calcium,  in  the  form  of  a  car¬ 
bonate,  constitutes  most  of  the  eggshell.  Calcium,  sodium,  and  potas¬ 
sium  salts  are  essential  for  muscular  activity;  and  calcium,  phosphorus, 
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and  magnesium,  in  the  form  of  inorganic  salts,  are  important  constituents 
of  bone.  The  egg  contains  sulfur  and  phosphorus;  and  the  blood  contains 
iron,  copper,  and  chlorine.  Manganese  is  necessary  for  proper  bone 
formation,  and  zinc  is  necessary  for  optimum  growth.  Iodine  is  con¬ 
tained  in  extremely  small  amounts  in  the  body  but  is  necessary  in  feed 
for  the  proper  functioning  of  the  thyroid  gland. 

The  distribution  of  some  of  the  more  important  minerals  in  the  soft 
tissues  and  bones  of  birds  is  given  in  the  accompanying  table. 


Table  33. — Amounts  of  Some  Important  Minerals  in  Grams  in  the  Dry  Matter 
of  9-months-old  Light  Sussex  Cockerel  and  Pullet 

(Hainan,  1936) 


Mineral 

Cockerel 

Pullet 

Flesh  and 
offal 

Bones 

Flesh  and 
offal 

Bones 

Ash . 

17.64 

68.74 

14.22 

55.89 

Total  phosphorus . 

2.848 

11.60 

2.418 

9.88 

Phosphorus  in  ash . 

2.178 

11.52 

2.292 

9.84 

Total  sulfur . 

3.733 

0.922 

3.160 

0.742 

Sulfur  in  ash . 

0.173 

0.205 

0.146 

0.140 

Calcium . 

0.430 

25.68 

0.345 

20.77 

Magnesium . 

0.478 

0.807 

0.374 

0.624 

Potassium . 

4.778 

0.787 

3.630 

0.566 

Sodium . 

1.443 

0.713 

1.113 

0.595 

Chlorine . 

2.283 

0.817 

1.996 

0.552 

Iron . 

0.131 

0.030 

0.128 

0.034 

Aside  from  providing  mineral  constituents  for  the  fowl’s  body,  min¬ 
erals  in  the  diet  are  of  great  importance  in  enabling  fowls  to  utilize  other 
nutrients  to  best  advantage.  At  the  same  time,  most  of  the  minerals 
are  required  in  relatively  small  amounts. 

The  fact  that  a  given  mineral  element  is  essential  in  the  diet  is  demon¬ 
strated  by  the  structural  or  functional  injury  occurring  in  birds  given 
diets  abnormally  low  in  that  particular  element.  Fortunately,  most  of 
the  essential  mineral  elements  are  contained  in  sufficient  quantities  in  the 
normal  diet  of  the  chicken  so  that  little  concern  need  be  given  regarding 
supplying  additional  amounts.  Of  particular  concern  in  poultry  nutri¬ 
tion,  however,  are  the  absolute  and  relative  amounts  of  calcium  and 
phosphorus  in  the  diet,  especially  in  relation  to  the  availability  of 
vitamin  D. 

Vitamins. — Feeds  containing  adequate  amounts  of  the  right  kinds 
of  water,  proteins,  carbohydrates,  fats,  and  minerals  sometimes  give  very 
unsatisfactory  results  in  growth,  bone  formation,  and  egg  production. 
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Investigational  work  has  demonstrated  that  in  many  cases  the  negative 
results  are  due  to  a  lack  in  the  diet  of  certain  substances  called  “vita¬ 
mins.”  Although  their  presence  in  the  diet  is  of  vital  importance,  they 
are  required  in  very  small  amounts.  Since  the  chemical  composition 
of  the  vitamins  was  not  known  at  the  time  of  their  discovery,  they  were 
each  designated  by  a  letter.  Of  the  six  vitamins,  A,  B,  C,  D,  E,  and  G, 
that  have  been  recognized  for  some  time,  C.  is  not  important  in  poultry 
nutrition.  Vitamin  G  is  now  divided  into  two  complexes:  (1)  riboflavin 
and  (2)  the  filtrate  factor.  Recent  research  work  has  demonstrated  the 
existence  of  at  least  two  other  vitamins  necessary  for  poultry,  and 
undoubtedly  the  existence  of  still  others  will  be  demonstrated.  One 
of  the  newly  discovered  vitamins  has  tentatively  been  called  “B4”  and 
is  required  to  prevent  an  ailment  in  chicks  analagous  to  a  condition  known 
as  “crazy  chick  disease.”  The  other  newly  discovered  vitamin,  tenta- 


Table  34. — Effects  of  Vitamin  Deficiencies 
(Norris  and  Heuser,  1936) 


Name  of  vitamin 

Nutritional-deficiency 
disease  caused  in  poultry 
by  lack  of  the  vitamin 

Specific  effects 

A,  antiophthalmic . 

Nutritional  roup  (xero¬ 
phthalmia) 

Poor  growth,  swelling  and 
sticking  of  eyelids,  emacia¬ 
tion,  incoordination  of  gait, 
high  mortality 

B,  antineuritic . 

Polyneuritis  (beriberi) 

Poor  growth,  loss  of  appetite, 
spastic  head  retractions, 
high  mortality 

C,  antiscorbutic . 

None 

None 

D,  antirachitic . 

Rickets 

Poor  growth,  egg  production, 
and  hatchability;  weak  egg¬ 
shells;  lameness;  soft  bones, 
swollen  rib  ends  and  leg- 
bone  joints  in  chicks;  brittle 
bones  in  mature  birds;  in¬ 
creased  mortality 

E,  antisterility . 

G,  complex: 

None 

Failure  of  hatchability,  steril¬ 
ity  in  males 

1.  Riboflavin,  growth-pro¬ 
moting  factor 

None 

Failure  of  hatchability,  poor 
growth,  increased  mortality 

2.  Filtrate  factor,  antipel- 
lagric  factor 

Pellagra  (dermatitis) 

Incrustations  at  corners  of 
eyelids  and  mouth  and 
on  bottoms  of  feet  of 
chicks,  rough  underdevel¬ 
oped  feathering,  growth 
failure,  high  mortality 
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tively  called  “K,”  or  “antihemorrhagic  ”  vitamin,  is  required  to  prevent 
a  condition  characterized  chiefly  by  hemorrhages  under  the  skin  and  in 
the  muscles  of  chickens. 

The  egg  contains  vitamins  A,  B,  D,  and  G;  and  the  liver  contains 
vitamin  G.  The  principal  value  of  vitamins  lies  largely  in  their  ability  to 
promote  the  physiological  well  being  of  the  chicken  and,  with  respect 
to  some  of  them,  provide  for  proper  growth  and  bone  formation  and  to 
maintain  egg  production  and  hatchability.  The  table  on  page  247 
gives  the  name  associated  with  each  vitamin,  the  name  of  the  nutritional- 
deficiency  disease  resulting  from  a  lack  of  the  vitamin  in  the  diet,  and  the 
specific  effects  of  the  vitamin  deficiency. 

VARIABLE  QUANTITIES  OF  NUTRIENTS  IN  FEEDS 

Although  the  different  cereal  grains  and  their  by-products  are  fairly 
constant  with  respect  to  the  relative  proportions  of  the  different  nutrients 
they  contain,  the  student  of  poultry  nutrition  should  realize,  nevertheless, 
that  variations  do  occur  even  in  the  same  variety  of  the  same  species. 
The  kind  of  soil  and  conditions  under  which  the  plants  are  grown  have  an 
influence  on  the  chemical  composition  of  the  green  plant,  the  mature 
plant,  and  the  seeds  produced.  Different  samples  of  the  same  variety 
of  wheat  have  been  shown  to  vary  in  their  protein  content  as  well  as  in 
the  content  of  other  nutrients.  The  same  is  true  of  other  cereals.  Wheat  ' 
bran  and  wheat  middlings  each  also  differ  in  their  chemical  composition 
depending  upon  the  different  parts  of  the  country  in  which  the  wheat  was 
grown.  Also,  the  milling  processes  involved  in  the  milling  of  such  feeds 
as  wheat  bran  and  wheat  middlings  sometimes  have  an  important  bearing 
on  the  relative  proportions  of  the  different  nutrients  in  the  finished 
product. 

The  kind  of  materials  used  in  the  preparation  of  and  the  method  of 
processing  meat  scraps  determines  not  only  the  relative  amount  but  also 
the  feeding  value  of  the  proteins  contained  therein.  As  a  matter  of  fact, 
two  different  samples  of  the  same  brand  of  meat  scraps  may  be  very 
similar  in  composition  as  determined  by  chemical  analysis  but  differ 
considerably  in  feeding  value,  largely  because  of  differences  in  amino-acid 
content.  Fish  meals  likewise  differ  in  the  relative  proportion  of  the 
protein  and  other  nutrients  they  contain  depending  upon  the  kinds  and 
parts  of  fish  used  and  the  process  employed  in  manufacturing  the  meal, 
vacuum-dried  products  usually  being  superior  to  flame-dried  products 
from  the  standpoint  of  their  feeding  value.  The  proteins  of  milk  are  very 
sensitive  to  the  intensities  and  duration  of  heat  treatment  employed  in 
the  manufacture  of  dried-milk  products.  Excessively  high  temperatures 
tend  to  destroy  some  of  the  amino  acids,  certain  of  which  are  regarded  as 
essential  in  poultry  nutrition.  The  California  Agricultural  Experiment 
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Station  has  shown  that  by  subjecting  numerous  animal-protein  concen¬ 
trates  to  a  special  form  of  chemical  analysis  it  was  possible  to  establish 
protein-quality  indexes  for  the  protein  concentrates  which  served  as  an 
indication  of  their  nutritive  value  for  chicks.  It  was  found  that  a  low 
percentage  of  copper-precipitable  nitrogen  in  a  protein  concentrate  is  an 
excellent  criterion  of  low  nutritive  value. 

Two  samples  of  the  same  variety  of  a  cereal  may  differ  in  their  mineral 
content.  Blue  grass  may  differ  quite  considerably  in  the  percentage  of 
calcium  and  other  minerals  depending  upon  the  kind  of  soil  on  which  it 
was  grown  as  well  as  the  stage  of  growth  at  which  it  was  cut  for  feeding- 
purposes.  Other  illustrations  of  the  variability  in  the  mineral  content 
of  a  feed  could  also  be  given,  but  it  is  sufficient  to  observe  that  the  mineral 
content  of  any  feed  is  determined  by  such  factors  as  the  kind  and  amount 
of  fertilizers  applied  to  the  soil  on  which  the  feed  was  grown,  the  effective 
rainfall,  and  other  weather  elements.  Soils  that  are  relatively  low  in 
calcium  or  in  phosphorus  produce  crops  that  are  relatively  low  in  these 
nutrients. 

The  vitamin  content  of  a  feed  is  a  variable  factor,  sometimes  markedly 
so.  The  amount  of  vitamin  A  in  yellow  corn  is  somewhat  variable 
depending  upon  the  genetic  constitution  of  the  corn.  Cod-liver  oils 
sometimes  differ  a  great  deal  in  the  potency  of  vitamins  A  and  D.  More¬ 
over,  the  vitamin  A  potency  of  a  feed  mixture  to  which  cod-liver  oil  has 
been  added  varies  depending  upon  the  extent  to  which  oxidation  of 
vitamin  A  has  taken  place  from  the  time  the  cod-liver  oil  was  added  to  the 
feed  mixture  to  the  time  the  feed  mixture  is  fed  to  the  birds. 

From  these  few  illustrations  of  the  variable  quantities  of  nutrients  in 
feeds,  it  is  obvious  that  the  chemical  composition  of  a  feed  is  not  an  accu¬ 
rate  index  of  the  nutritive  value  of  the  feed.  Feeding  tests  are  necessary 
to  determine  the  nutritive  value  of  a  feed  or  a  mixture  of  feeds.  A  com¬ 
plete  determination  of  the  nutritive  value  of  a  feed  or  a  mixture  of  feeds 
must  take  into  consideration  (1)  the  total  nutrient  content  of  the  feed 
or  mixture  of  feeds,  (2)  the  loss  or  wastage  of  the  various  nutrients  that 
occurs  in  the  process  of  digestion,  and  (3)  the  loss  or  wastage  of  various 
nutrients  that  occurs  in  the  process  of  their  conversion  into  tissue  con¬ 
stituents  of  the  body  or  the  constituents  of  body  secretions. 

THE  DIGESTION  OF  NUTRIENTS 

Since  most  of  the  nutrients  in  feeds  are  not  absorbed  by  the  fowl’s 
body  in  the  form  in  which  they  occur  in  seeds,  it  is  obvious  that  these 
nutrients  must  be  “broken  down”  before  they  can  be  converted  into  the 
nutrients  found  in  body  tissues  and  secretions  of  the  body.  The  process 
of  digestion  includes  all  of  the  changes  that  take  place  in  the  feed  from 
the  time  it  is  consumed  until  the  nutrients  in  the  feed  are  in  proper  form 
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and  condition  to  be  absorbed  by  the  blood  for  assimilation  by  the  tissues 
of  the  body. 

Feed  Passage  through  Digestive  System. — The  digestive  system  of 
the  chicken  has  been  described  in  Chap.  II  (The  Biology  of  the  Chicken), 
so  that  at  this  time  it  is  necessary  only  to  trace  the  various  steps  that 
feeds  take  in  their  passage  through  the  digestive  system.  Feed  picked 
up  is  swallowed  with  the  assistance  of  the  tongue  and  is  forced  through 
the  digestive  tract  by  means  of  muscles  in  the  walls  of  the  tract.  If  the 
bird  has  had  no  feed  for  several  hours,  the  first  few  mouthfuls  swallowed 
pass  directly  into  the  empty  gizzard,  reaching  that  organ  in  about  15  to 
30  sec.  after  being  picked  up.  In  the  case  of  birds  that  have  been  feeding 
regularly,  however,  a  fresh  mouthful  of  feed  when  swallowed  passes  down 
the  gullet  and  into  the  crop,  which  continues  to  receive  feed  as  long  as  the 
gizzard  is  full  or  partially  full.  As  the  feed  passes  from  the  crop  to 
the  gizzard,  it  usually  pauses  in  the  proventriculus  for  a  period  of  approxi¬ 
mately  7  sec.  Small  quantities  of  feed  take  relatively  a  longer  time  to 
leave  the  crop  than  larger  quantities. 

Upon  reaching  the  gizzard  the  feed  is  ground  into  a  fine  mass  by  the 
rhythmic  contractions  and  relaxations  of  the  gizzard,  the  pressure  in 
grinding  being  very  great.  After  the  gizzard  has  ground  the  feed  com¬ 
pletely,  it  passes  into  the  small  intestine,  where  it  is  thoroughly  mixed  and 
brought  into  intimate  contact  with  the  intestinal  wall. 

The  feed  mass  passes  from  the  small  into  the  large  intestine  at  the 
juncture  of  which  the  caeca,  two  blind  pouches  about  5  in.  in  length,  open 
into  the  intestinal  tract.  The  caeca  rhythmically  expand  and  contract 
and  thus  receive  and  reject  the  fluid  contents  of  the  intestine.  The 
fluidlike  feed  mass  passes  along  the  large  intestine  until  it  accumulates 
at  the  cloaca,  where  portions  are  expelled  at  intervals. 

From  the  time  that  feed  is  picked  up  by  the  laying  bird  approximately 
2^2  hr.  are  required  for  the  feed  mass  to  reach  the  cloaca.  The  rate  of  the 
passage  of  feed  through  the  digestive  tract  of  the  adult  hen  not  in  laying 
condition  is  considerably  slower  than  in  the  hen  in  laying  condition,  being 
about  8  hr.  In  the  case  of  the  broody  hen  the  rate  of  passage  is  about 
12  hr. 

The  Process  of  Digestion. — During  the  process  of  digestion  the  car¬ 
bohydrates,  fats,  and  proteins  are  “ broken  up”  into  fine  particles  by  the 
secretions  of  various  glands  that  are  present  in  different  parts  of  the 
digestive  system.  These  glands  secrete  ferments  or  enzymes,  which 
have  the  remarkable  ability  of  bringing  about  changes  in  other  organic 
compounds  without  themselves’  being  changed.  Their  function  is  to 
attack  the  nutrients  contained  in  the  feed  in  order  that  they  may  be 
converted  into  nutrients  which  can  be  taken  up  by  the  innumerable  small 
projections,  called  “villi,”  that  line  the  intestinal  tract  and  thus  be 
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absorbed  by  the  blood  stream  which  connects  with  the  villi.  In  other 
words,  the  starches  and  sugars  comprising  the  carbohydrates,  the  fats, 
and  the  proteins  are  “broken  up”  into  simpler  compounds  which  can  be 
absorbed  by  the  body. 

The  mouth  contains  many  salivary  glands  which  secrete  a  starch¬ 
splitting  enzyme  called  “ptyalin,”  converting  starch  in  the  feed  into  an 


1.  Gullet. 

Ptyalin  in  salivary  secretions  converts  starch  into  maltose. 

2.  Crop. 

Lactase  converts  lactose  into  glucose  and  galactose. 

3.  Proventriculus. 

Pepsin  in  gastric  juice  converts  proteins  into  proteoses 
and  peptones. 

4.  Gizzard. 


5.  Pancreas ,  between  folds  of  duodenum. 

Amylopsin  in  pancreatic  juice  converts  starch  into 
maltose. 

Pancreatic  lipase  in  pancreatic  juice  converts  fats  into 
glycerols  and  fatty  acids. 

Trypsin  in  pancreatic  juice  converts  proteins  into  pro¬ 
teoses,  the  latter  into  peptones  and  polypeptids, 
both  of  which  are  converted  into  amino-acids. 


6.  Small  Intestine. 

Maltase  in  intestinal  juice  converts  maltose  into  glucose. 
Sucrase  in  intestinal  juice  converts  sucrose  into  glucose 
and  fructose. 

Erepsin  in  intestinal  juice  converts  peptones  into  amino- 
acids. 


7.  Caeca. 


8.  Large  Intestine. 


9.  Cloaca. 


Fig.  120. — Showing  the  regions  of  the  digestive  tract  in  which  various  digestive  processes 

take  place.  ( Photograph  by  Winter.) 


end  product  called  “maltose.”  There  are  no  glands  in  the  crop,  which 
serves  largely  as  a  storage  sac,  but  it  is  in  the  crop  that  the  ptyalin  acts 
as  well  as  certain  enzymes  contained  in  the  feed,  where  it  takes  on  an  acid 
reaction  due  to  the  presence  of  lactic  acid.  While  the  feed  is  in  the 
proventriculus  it  is  mixed  with  gastric  juice  containing  hydrochloric  acid 
and  an  enzyme  called  “pepsin,”  which  reduces  the  protein  in  the  feed  into 
peptones.  The  hydrochloric  acid  contained  in  the  gastric  juice  secreted 
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by  the  glands  of  the  proventriculus  acts  as  a  solvent  on  mineral  matter, 
making  its  final  absorption  possible. 

The  gizzard  does  not  contain  any  glands  that  secrete  enzymes,  but 
it  is  worth  noting  that  the  gastric  juice  is  incapable  of  digesting  the 
cellulose  walls  of  the  various  grains  until  they  are  ground  up  by  the 
gizzard.  The  gizzard  acts  as  a  filter  so  that  no  feed  passes  out  until  it  is 
finely  ground. 

The  liver  secretes  bile,  which  reaches  the  distal  portion  of  the  duo¬ 
denum  by  means  of  two  bile  ducts,  the  one  from  the  right  lobe  of  the  liver 
being  enlarged  to  form  the  gall  bladder.  The  bile  emulsifies  and  dissolves 
the  fats  in  feed  so  that  enzymes  can  act  on  the  fats  more  readily.  The 
bile  contains  salts  which  help  to  neutralize  the  acid  of  the  gastric  juice, 
thus  preparing  the  feed  for  further  action  by  the  juices  secreted  by  the 
pancreas.  The  liver  also  serves  in  the  synthesis  of  the  uric  acid  that 
escapes  in  the  urine. 

The  pancreas,  which  lies  between  the  U-shaped  loop  of  the  duodenum, 
secretes  pancreatic  juice,  which  gains  access  to  the  duodenum  by 
means  of  three  ducts.  The  pancreatic  juice  is  weakly  alkaline  in  charac¬ 
ter  and  contains  the  enzymes  amylopsin,  which  converts  starch  into 
maltose;  trypsin,  which  converts  any  previously  undigested  proteins  into 
proteoses,  the  latter  into  peptones  and  polypeptids,  both  of  which  are 
converted  into  amino-acids;  and  lipase,  which  converts  fats  into  glycerol 
and  fatty  acids.  The  glycerol  and  fatty  acids  are  absorbed  by  the  villi 
of  the  intestinal  tract  and  upon  being  reformed  into  fats  pass  by  way  of 

the  lymphatic  system  into  the  blood  stream. 

_  * 

Distributed  throughout  the  small  intestine  are  “Lieberkuhn’s  glands,” 
which  secrete  the  intestinal  juice  containing  the  enzyme  erepsin,  which 
converts  peptones  into  amino  acids.  The  intestinal  juice  also  contains 
the  enzyme  maltase,  which  converts  maltose  into  glucose;  and  the  enzyme 
sucrase,  which  converts  sucrose  into  glucose  and  fructose.  Aside  from 
its  digestive  function,  the  small  intestine  also  acts  as  an  organ  of  absorp¬ 
tion  by  absorbing  soluble  nutrients  and  inorganic  salts. 

The  caeca  aid  in  the  digestion  of  the  fiber  contained  in  feed. 

The  large  intestine  serves  in  the  absorption  of  water  from  the  urine 
as  it  is  delivered  by  the  ureters  from  the  kidney.  The  urine  is  expelled 
with  the  feces  in  the  form  of  a  white  paste. 

The  various  mineral  nutrients  in  the  feed  are  usually  absorbed  from 
the  intestine  without  undergoing  any  change  in  composition.  In  so  far 
as  known,  the  vitamins  are  also  absorbed  directly  by  the  body  without 
undergoing  any  change. 

Wastage  of  Nutrients  in  Digestion. — It  is  a  significant  fact  that  the 
nutrients  absorbed  by  the  fowl’s  body  to  enable  it  to  perform  its  normal 
functions  and  in  the  formation  of  new  tissues  and  secretions  are  invariably 
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smaller  in  amount  than  the  nutrients  that  must  be  supplied  in  the  feed 
for  these  purposes.  Rarely  is  any  nutrient  contained  in  the  feed  com¬ 
pletely  digested,  much  less  completely  utilized.  Moreover,  the  level  of 
feeding  affects  the  wastage  of  nutrients  in  digestion,  for  when  the  chicken 
is  fed  excessive  amounts  of  feed  the  nutrients  are  digested  less  thoroughly 
than  when  the  chicken  is  fed  a  scanty  diet.  Then,  again,  nutrients  that 
are  not  properly  balanced  in  the  diet  apparently  are  not  digested  so  well 
as  when  they  are  properly  balanced.  An  excessive  supply  of  any  par¬ 
ticular  nutrient  constitutes  a  wastage  in  feeding  practice  because  a  higher 
proportion  of  the  nutrient  remains  undigested  than  when  the  optimum 
amount  is  fed.  In  fact,  the  optimum  amounts  and  proportions  of  the 
various  essential  nutrients  in  the  feeding  of  poultry  for  any  particular 
purpose  have  as  yet  to  be  determined. 

THE  METABOLISM  OF  NUTRIENTS 

The  metabolism  of  the  nutrients  involves  the  various  processes  they 
undergo  from  the  time  they  enter  the  blood  stream,  for  which  they  were 
prepared  by  the  processes  of  digestion,  until  the  waste  products  are  finally 
excreted  from  the  body. 

Upon  entering  the  blood  stream,  the  nutrients,  such  as  the  amino  acids 
and  glucose,  are  carried  to  different  parts  of  the  body  for  tissue  building, 
the  development  of  secretions,  and  the  production  of  energy.  The 
circulatory  system,  therefore,  serves  a  very  important  function  in  metab¬ 
olism.  The  blood  is  continually  in  circulation  and  is  composed  largely 
of  two  kinds  of  cells,  erythrocytes  and  leukocytes.  The  erythrocytes,  or 
red  blood  cells,  contain  a  protein  substance  called  hemoglobin,  which 
serves  as  a  vehicle  for  carrying  oxygen  to  different  parts  of  the  body. 

The  respiratory  system  also  serves  an  important  purpose  in  metabo¬ 
lism,  inasmuch  as  the  oxygen  breathed  in  and  transported  to  different 
parts  of  the  body  by  the  hemoglobin  is  absolutely  essential  in  order  that 
the  various  nutrients  in  feeds  may  be  “  broken  up  ”  by  a  process  known  as 
“ oxidation.”  The  oxidation  products  are  water,  carbon  dioxide,  and 
other  gases;  and  the  heat  given  off  in  the  process  is  known  as  the  “heat  of 
combustion.”  The  carbon  dioxide  is  exhaled  by  the  bird  in  breathing. 

Recent  research  work  has  demonstrated  that  the  secretions  of  the 
regulatory  system,  comprising  the  endocrine  glands,  sometimes  have  a 
very  marked  effect  on  metabolism.  The  endocrine  glands  are  ductless 
glands,  such  as  the  thyroids,  pituitary,  pancreas,  ovary,  and  testes,  which 
secrete  products  known  as  “hormones”  which  are  thrown  into  the  blood 
stream  and  are  carried  to  various  parts  of  the  body.  Comparatively  little 
is  known  concerning  the  influence  of  the  various  hormones  on  metabolism, 
although  it  has  been  demonstrated  that  several  hormones  have  a  pro- 
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nouneed  effect  in  regulating  various  functions  of  the  body.  Some 
evidence  has  been  secured  showing  that  certain  hormones  tend  to  raise 
the  level  of  metabolism  of  certain  nutrients,  whereas  others,  when  secreted 
in  excessive  amounts,  have  a  depressing  effect  on  the  metabolism  of 
certain  nutrients.  Some  hormones  serve  the  purpose  of  maintaining  a 
proper  balance  of  nutrients  in  the  blood  stream. 

Hydrogen-ion  Concentration. — Most  of  the  reactions  that  occur  in  the 
body  take  place  in  water  solutions,  the  acidity  or  alkalinity  of  these 
solutions  being  due  to  hydrogen  or  hydroxyl  ions.  The  concentration  of 
hydrogen  ions  times  the  concentration  of  hydroxyl  ions  equals  a  certain 
constant,  and  if  the  concentration  of  either  ion  is  increased  the  concentra¬ 
tion  of  the  other  ion  must  diminish  correspondingly.  The  measurement 
of  the  concentration  of  one  ion  indicates  the  degree  of  acidity  or  alkalinity 
of  the  solution,  the  term  “  hydrogen-ion  concentration''  being  used  to 
designate  the  degree  of  concentration.  The  hydrogen-ion  concentration 
is  expressed  in  terms  of  the  hydrogen-ion  exponent,  or  pH  value.  A  pH 
value  of  7  for  a  solution  indicates  neutrality,  a  pH  value  above  7  indicates 
an  alkaline  solution,  and  a  pH  value  below  7  indicates  an  acid  solution. 
It  is  very  important  to  keep  in  mind  that  a  solution  having  a  pH  value 
of  6  has  ten  times  as  many  hydrogen  ions  as  a  solution  having  a  pH  value 
of  7  and  that  a  solution  having  a  pH  value  of  5  has  one  hundred  times  as 
many  hydrogen  ions  as  a  solution  having  a  pH  value  of  7.  Moreover,  the 
difference  between  pH  4.0  and  pH  4.1  is  many  times  as  great  as  the  differ¬ 
ence  between  pH  4.9  and  pH  5.0. 

From  work  done  at  the  Nebraska  and  Oklahoma  Agricultural  Experi¬ 
ment  Stations  and  other  institutions  it  is  possible  to  give  the  following 
brief  statement  of  the  pH  values  of  the  contents  of  the  digestive  tract: 
The  contents  of  the  crop  are  acid;  the  contents  of  the  proventriculus  are 
more  acid  than  those  of  the  crop;  the  contents  of  the  gizzard  are  more  acid 
than  those  of  the  proventriculus;  the  contents  of  the  duodenum  and  upper 
portion  of  the  small  intestine  are  less  acid  than  the  contents  of  the  crop; 
the  contents  of  the  lower  portion  of  the  small  intestine,  caeca,  and  large 
intestine  are  approximately  neutral. 

The  fowl's  digestive  tract  is  well  adapted  to  take  care  of  all  normal 
changes  in  the  feed  and  water  ingested.  According  to  the  Oklahoma 
station  the  pH  of  the  digestive  tract  is  apparently  not  involved  in  any 
changes  in  the  metabolism  of  varying  amounts  of  protein  and  fiber.  It 
was  also  observed  that  changes  in  the  calcium-phosphorus  ratio  produced 
no  changes  in  the  pH  values  and  that  large  amounts  of  basic  salts 
decreased  the  acidity  of  the  crop,  proventriculus,  and  gizzard  only  slightly. 
On  the  other  hand,  work  done  under  the  auspices  of  the  Ohio  University 
and  College  of  Veterinary  Medicine  showed  that  the  pH  of  the  contents 
of  the  duodenum  and  large  intestine  was  increased  and  the  pH  of  the 
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contents  of  the  caeca  was  markedly  decreased  by  feeding  diets  containing 
20  per  cent  or  more  of  milk  products. 

Carbohydrate  Metabolism. — The  carbohydrate  of  the  blood  stream 
is  in  the  form  of  glucose,  as  observed  previously.  Upon  being  oxidized, 
the  primary  function  that  glucose  serves  is  as  a  source  of  fuel.  Should 
there  be  a  surplus  of  glucose  in  excess  of  fuel  needs,  it  is  used  for  the 
formation  of  a  substance  called  “glycogen,”  which  Is  stored  principally 
in  the  liver  to  be  oxidized  for  heat  and  energy. 

Glucose  in  the  blood  stream  may  also  be  used  in  the  formation  of  body 
fat  and  egg  fat.  the  body  fat  being  oxidized  for  heat  and  energy.  A  very 
small  portion  of  the  glucose  in  the  blood  stream  is  used  in  the  formation 
of  the  carbohydrates  of  the  body  cells.  Regardless  of  the  proportion  of 
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Fig.  121. — Scheme  illustrating 
the  use  of  carbohydrates  in  the 
body.  ( After  Holst  and  Neiclon, 
1927.) 
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Fig.  122. — Scheme  illustrating 
the  use  of  fats  in  the  body.  {After 
Holst  and  Neiclon,  1927.) 


carbohydrate  nutrients  contained  in  the  diet,  the  percentage  of  glucose 
in  the  blood  stream  is  nearly  always  constant,  this  being  accomplished  by 
hormones  secreted  by  certain  endocrine  glands. 

Fat  Metabolism. — As  previously  pointed  out.  by  far  the  most  of  the 
digested  fats  pass  by  way  of  the  lymphatic  system  into  the  blood  stream, 
the  blood  cells  changing  the  neutral  fats  into  what  are  called  “phosphor- 
ized  fats,"  which  may  be  used  as  a  source  of  energy  or  for  storage  or  for 
the  formation  of  what  are  known  as  “lipoids  "  of  the  cells  and  “sebaceous 
lipoids  ’’  of  the  skin. 

Protein  Metabolism. — The  different  amino  acids  obtained  by  diges¬ 
tion  from  the  proteins  of  the  feed  are  carried  by  the  blood  stream  to 
different  parts  of  the  body  and  serve  in  the  formation  of  the  amino  acid' 
in  the  tissues,  organs,  and  other  parts  of  the  body.  An  excess  supply  of 
proteins  may  be  used  as  a  source  of  energy. 

The  nitrogen  utilized  is  determined  by  the  difference  between  the 
nitrogen  absorbed  from  the  digestive  tract  and  the  nitrogen  in  the  urine. 
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The  nitrogen  that  is  utilized  when  expressed  as  a  percentage  of  that  which 
is  absorbed  gives  what  is  known  as  the  biological  value  of  the  protein  in 
question.  The  biological  values  of  a  number  of  proteins  have  been  given 
in  the  fore  part  of  this  chapter. 

Mineral  Metabolism. — Comparatively  little  is  known  concerning  the 
metabolism  of  the  different  mineral  nutrients,  although  it  has  been  shown 
definitely  that  the  utilization  of  mineral  nutrients  is  modified  by  many 
factors.  For  instance,  the  proper  assimilation  of  calcium  and  phosphorus 
in  the  growing  chick  is  dependent  upon  an  adequate  supply  of  vitamin  D. 
The  concentrations  of  calcium  and  phosphorus  in  the  diet  determine  the 
ratio  of  these  nutrients  that  permits  maximum  bone  calcification. 
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Fig.  123.- — Scheme  illustrating  the  use  of  proteins  in  the  body. 
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The  most  efficient  utilization  of  minerals  is  sometimes  determined  by 
their  relationship  in  some  body  function.  For  instance,  the  hemoglobin 
of  blood  with  its  incorporated  iron  is  produced  only  in  the  presence  of 
copper.  It  is  apparent,  therefore,  that  the  utilization  of  iron  is  dependent 
on  the  presence  of  copper. 

The  Wastage  in  Metabolism. — Not  only  is  there  a  wastage  of  nutrients 
in  digestion,  as  pointed  out  previously,  but  there  is  also  a  certain  amount 
of  wastage  in  metabolism,  since  not  all  of  the  digested  nutrients  are 
utilized.  The  wastage  in  metabolism  results  largely  from  losses  in  energy 
and  losses  in  nitrogen. 

The  metabolism  of  the  nutrients  in  the  fowl’s  body  involves  the  pro¬ 
duction  of  heat,  the  greater  the  feed  consumption  the  greater  being  the 
heating  effect.  In  order  that  the  animal  may  maintain  its  normal  tem¬ 
perature,  heat  production  must  be  equivalent  to  heat  elimination.  As  a 
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matter  of  fact,  heat  production  is  to  be  regarded  as  a  defense  mechanism 
by  which  any  excessive  concentrations  of  nutrients  are  removed.  More¬ 
over,  the  more  nearly  balanced  the  diet  the  smaller  the  proportion  of  it 
that  is  dissipated  as  heat  and  the  greater,  therefore,  is  the  net-energy 
value  of  the  diet. 

The  percentage  of  total  protein  in  the  diet  has  a  definite  effect  on  heat 
losses,  the  higher  the  protein  content  the  greater  being  the  amount  of  heat 
produced.  Protein  that  is  used  entirely  for  the  development  of  new  tissue 
has  a  smaller  heating  effect  than  when  it  is  converted  entirely  into  energy, 
some  of  it  being  lost  as  heat.  Heat  that  is  lost  means  a  loss  of  energy. 
The  ingestion  of  protein  results  in  a  greater  increase  in  heat  production 
than  the  ingestion  of  carbohydrates  and  fats,  the  primary  cause  of  this 
variation  in  heat  production  being  due  to  variations  in  what  is  known  as 
the  “ specific  dynamic  effect,”  which  is  defined  as  the  heat  increment  of  a 
specific  kind  of  nutrient. 

The  losses  in  nitrogen  during  the  process  of  metabolism  is' measured 
by  determining  the  amount  of  feed  nitrogen  excreted  in  the  urine.  One 
source  of  nitrogen  loss  is  the  continual  breakdown  in  nitrogenous  tissues 
in  the  body,  and  a  second  source  is  from  the  incomplete  utilization  of 
dietary  protein. 


THE  NET  NUTRITIVE  VALUE  OF  FEEDS 

The  net  nutritive  value  of  feeds  is  determined  by  the  extent  to  which 
the  nutrients  are  digested  and  by  the  extent  to  which  the  digested  portions 
are  utilized  in  the  body.  It  is  not  so  much  what  the  diet  contains  as 
what  it  accomplishes  in  the  body  that  counts.  Nutrients  are  rarely 
completely  digested,  and  frequently  the  digested  portion  of  nutrients  is 
not  completely  utilized.  There  are  many  factors  that  affect  both  the 
digestibility  and  the  utilizability  of  a  diet. 

Coefficients  of  Digestion.— During  recent  years  the  digestibility  of 
a  number  of  individual  poultry  feeds  has  been  determined  by  investigators 
in  England  and  in  the  United  States.  The  digestibility  of  a  feed  is 
expressed  in  terms  of  the  digestion  coefficient,  which  refers  to  the  per¬ 
centage  of  the  nutrient  consumed  that  does  not  appear  in  the  feces.  In 
order  to  determine  the  digestion  coefficient  of  a  given  feed,  the  exact 
chemical  composition  of  the  feed  is  first  determined;  then  definite  amounts 
are  fed;  and  the  feces  excreted  during  the  experimental  period  are  col¬ 
lected,  weighed,  and  analyzed,  the  urine  from  the  kidneys  having  been 
diverted  by  an  artificial  anus,  or  proper  calculations  made  if  the  urine  has 
not  been  kept  separate. 

The  excretion  of  the  urine  with  the  fecal  matter  is  a  problem  that  has 
made  digestion  trials  with  poultry  so  difficult  to  carry  out  as  compared 
with  mammals,  in  which  the  urine  is  stored  in  the  bladder  and  voided 
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separately  from  the  fecal  matter.  In  digestion  trials  with  poultry,  the 
undigested  portion  of  the  nutrients  excreted  in  the  feces  in  relation  to  the 
amount  of  nutrients  in  the  feed  gives  the  digestion  coefficient  in  terms  of  a 
percentage. 

The  digestion  coefficients  of  individual  feeds  appear  to  be  of  rather 
limited  value,  however,  for  several  reasons.  In  the  first  place,  the  digesti¬ 
bility  of  a  mixture  of  feeds  does  not  necessarily  represent  the  average  of 
the  coefficients  of  digestion  of  the  separate  feeds.  When  several  feeds 
are  mixed  together  in  the  diet  there  is  a  supplementary  or  associative 
effect  on  the  digestibility  of  the  nutrients  in  the  mixture.  In  the  second 
place,  the  mechanical  condition  of  the  feed,  including  the  degree  of  bulki¬ 
ness,  apparently  affects  to  some  extent  the  digestibility  of  some  of  the 
nutrients  in  the  mixture.  Then,  again,  it  has  been  demonstrated  that 
certain  nutrients,  such  as  some  of  the  minerals  and  vitamins  contained 
in  the  mixture,  affect  the  extent  to  which  certain  other  nutrients  are 
digested.  The  rate  of  passage  of  the  feed  through  the  digestive  tract, 
which  is  conditioned  by  the  method  of  feeding  and  by  such  circumstances 
as  to  whether  the  hen  is  in  a  laying,  nonlaying,  or  broody  condition, 
undoubtedly  has  a  bearing  on  the  digestibility  of  a  feed  or  a  feed  mixture. 
The  age  and  the  sex  of  birds  may  have  a  bearing  on  the  digestibility  of 
nutrients,  thus  adding  to  the  difficulties  of  adopting  coefficients  of  diges¬ 
tion  of  individual  feeds  or  mixtures  of  feeds  as  a  guide  in  poultry-feeding 
practice. 

Net  Nutritive  Value  of  Feeds. — In  order  to  determine  the  actual  useful 
portion  of  the  diet  that  chickens  are  fed,  the  losses  occurring  in  the  feces, 
urine,  combustible  gases,  and  heat  production  must  be  deducted.  The 
determination  of  the  digestibility  of  the  nutrients  is  only  one  step  in 
determining  the  net  nutritive  value  of  feeds.  Moreover,  the  digestible 
nutrients  must  not  be  considered  as  the  final  measure  of  usable  energy  or 
the  net  nutritive  value  of  the  nutrients  because  they  are  subject  to  several 
losses  during  the  course  of  metabolism. 

The  net-energy  values  of  individual  feeds  and  nutrients  cannot  be 
added  together  to  give  the  net-energy  value  of  a  mixture  of  feeds  making 
up  the  diet,  for  the  simple  reason  that  it  depends  on  the  extent  to  which 
the  heat  increments  of  the  feed  and  nutrients  are  modified  by  the  mixture. 
Not  only  is  the  net-energy  value  of  a  feed  or  nutrient  subject  to  variation, 
depending  upon  the  kind  of  a  mixture  in  which  it  is  contained,  but  the 
digestibility  and  metabolizable  energy  also  vary  at  times. 

A  deficiency  of  one  nutrient  may  and  frequently  does  impair  the 
efficiency  of  all  other  nutrients.  Net-energy  values  are  of  greatest  value 
when  they  are  determined  for  the  diet  that  is  as  completely  balanced  as 
possible  for  the  purpose  for  which  the  diet  is  fed.  From  a  practical 
standpoint  this  is  largely  out  of  the  question  because  of  the  number  of 
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determinations  involved  and  because  many  of  the  factors  that  give  rise 
to  variations  in  the  determination  of  digestion  coefficients  also  give  rise  to 
variations  in  the  determination  of  net-energy  values. 

Nutrient  Requirements  for  Specific  Purposes. — The  nutrients  that  are 
absorbed  by  the  body  system  in  the  process  of  metabolism  serve  several 
different  purposes,  among  the  more  important  of  which  are: 

1.  To  supply  the  energy  required  for  performing  bodily  functions  and 
for  maintaining  a  uniform  body  temperature. 

2.  To  form  new  cell  tissue  and  body  fluids  to  replace  those  used  up 
in  the  bird’s  daily  activities. 

3.  To  form  new  cell  tissue  and  body  fluids  required  for  growth. 

4.  To  supply  materials  from  which  sperm  and  eggs,  for  market  and 
hatching  purposes,  are  manufactured. 

Several  nutrients  may  be  required  for  a  specific  purpose,  or  one 
nutrient  may  serve  several  purposes.  The  nutrient  requirements  for  the 
different  purposes  enumerated  above  may  be  most  logically  considered 
from  the  following  standpoints: 

1.  Maintenance. 

2.  Growth. 

3.  Fattening. 

4.  Market  egg  production. 

5.  Hatching  egg  production. 

The  quantitative  requirements  of  the  different  nutrients  naturally 
increase  as  the  chicken  grows,  and  they  vary  in  proportion  depending 
upon  whether  chickens  are  being  fattened  or  fed  for  market-egg  or  hatch¬ 
ing-egg  production. 

NUTRITIVE  REQUIREMENTS  FOR  MAINTENANCE 

Whether  a  chicken  is  being  fed  for  growth,  fattening,  or  egg  production, 
some  of  the  feed  given  is  used  for  the  body  processes  which  must  go  on  in 
order  to  support  life  and  maintain  the  body  as  a  “going  concern.”  In 
order  to  continue  the  chicken’s  existence,  aside  from  growing,  adding 
tissue,  or  producing  eggs,  at  least  four  requirements  must  be  met:  (1)  the 
maintenance  of  normal  body  temperature,  (2)  a  supply  of  energy  neces¬ 
sary  for  muscular  activity,  (3)  nutrients  for  the  renewal  of  tissue,  (4)  the 
elaboration  of  secretions.  The  demand  for  feed  to  meet  these  require¬ 
ments  is  referred  to  as  the  “maintenance  requirements.”  A  knowledge 
of  maintenance  requirements  is  necessary  in  order  to  understand  the 
principles  underlying  poultry  nutrition. 

The  various  bodily  processes,  such  as  digestion  and  metabolism,  are 
best  carried  on  when  the  normal  body  temperature  of  approximately 
107°F.  is  maintained.  The  energy  requirement  for  maintenance  is  the 
minimum  amount  needed  to  prevent  the  loss  of  any  energy  from  the 
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tissues.  The  tissues  of  the  body  are  continually  losing  nitrogen  and 
minerals,  and  these  and  other  losses  must  be  replaced  in  order  to  renew 
the  worn-out  tissue.  The  various  secretions  of  the  body,  such  as  mucus, 
enzymes,  and  hormones,  must  be  maintained  at  a  certain  level  in  order 
to  keep  the  body  in  proper  functioning  condition.  At  the  National 
Agriculture  Research  Center  it  was  found  that  the  gross  maintenance 
requirements  of  16-month-old  White  Leghorns  averaging  about  3.5  lb. 
each  was  64  g.,  or  about  2.25  oz.  of  feed  per  bird  per  day  in  July. 

Energy  Requirements  for  Maintenance. — The  minimum  energy 
expenditure  of  an  individual  is  known  as  the  “ basal  heat  production” 
and  results  in  a  continuous  demand  for  energy.  Observations  made  at 
the  Missouri  Agricultural  Experiment  Station  indicate  that  the  basal 
heat  production  of  chicks  in  terms  of  calories  per  kilo  per  day  is  at  a 
maximum  at  2  weeks  of  age  with  230  cal.  per  day,  declining  thereafter  to 
about  50  to  60  cal.  at  8  months.  On  the  basis  of  heat  production  per 
square  meter  of  surface  area  the  maximum  of  1,100  cal.  is  reached  at 
35  days,  after  which  there  is  a  decline  to  about  800  to  900  cal.  at  about 
4  months.  The  Illinois  Agricultural  Experiment  Station  has  shown  that 
the  basal  heat  production  of  hens  is  about  800  cal.  per  square  meter  per 
day,  and  that  of  cockerels  about  850  cal.  Capons  have  a  decidedly  lower 
heat  production  per  unit  area. 

Whenever  the  environmental  temperature  falls  below  the  critical 
temperature  of  the  chick  or  adult  bird  there  is  a  rapid  increase  in  the 
metabolic  rate,  and  the  extra  heat  required  to  maintain  normal  body 
temperature  must  be  supplied  by  extra  feed  in  order  to  avoid  the  loss  of 
energy.  Work  done  at  the  National  Agriculture  Research  Center  estab¬ 
lished  the  fact  that  the  critical  temperature  of  the  chick  at  hatching  time 
is  96°F.  It  was  also  shown  that  7°  increase  or  decrease  from  the  critical 
temperature  caused  about  15  per  cent  increase  in  metabolism,  and  at 
70°F.  the  energy  output  was  twice  as  great  as  at  96°F.  At  the  Illinois 
Agricultural  Experiment  Station  the  critical  temperature  of  the  adult  hen 
was  found  to  be  62°F.  It  should  be  observed,  however,  that  the  critical 
temperature  is  not  a  constant  factor  but  is  influenced  by  such  things  as 
the  amount  of  feed  consumed  and  the  activity  of  the  bird.  The  higher 
the  level  of  feed  consumption  the  greater  the  heat  production.  For 
birds  in  a  normally  active  state  the  energy  requirements  are  approxi¬ 
mately  50  per  cent  greater  than  the  energy  requirements  for  basal  heat 
production. 

Protein  Requirements  for  Maintenance. — Very  little  work  seems  to 
have  been  done  to  determine  the  protein  requirements  for  maintenance  in 
poultry.  The  need  of  protein,  or  other  source  of  available  nitrogen,  for 
maintenance  appears  to  be  related  to  the  need  of  replacing  the  essential 
nitrogenous  constituents  of  the  body  which  are  continually  being  lost. 
This  breakdown,  or  catabolism,  is  referred  to  as  “endogenous”  catabolism 
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and  does  not  seem  to  be  affected  by  the  ordinary  environmental  factors 
or  by  the  bodily  activities. 

The  endogenous  nitrogen  can  be  used  as  a  measure  for  the  body  nitro¬ 
gen  which  must  be  spared  from  the  feed  protein  for  protein  maintenance, 
provided  certain  assumptions  are  made  as  to  the  losses  in  metabolism. 
On  this  basis,  as  the  result  of  work  done  at  the  Illinois  Agricultural 
Experiment  Station,  it  has  been  concluded  that  an  endogenous  nitrogen 
value  of  0.030  g.  per  kilogram  body  weight  applies  to  all  species.  Since  a 
normal  diet  should  have  a  biological  value  of  at  least  50  per  cent  in  meet¬ 
ing  this  endogenous  loss,  the  maintenance  requirement  of  digestible 
nitrogen  per  kilogram  amounts  to  0.06  g.,  or  approximately  0.03  oz.  per 
pound  live  weight. 

The  results  of  various  lines  of  work  show,  however,  that  the  quality 
of  the  protein  intake  has  an  influence  on  the  amount  required  for  the 
attainment  of  complete  nitrogen  equilibrium.  Part  of  the  maintenance 
requirement  is  for  relatively  simple  body  constituents  which  can  be 
supplied  by  incomplete  proteins,  but  complete  maintenance  involves  also 
the  synthesis  of  proteins  needed  for  the  secretion  of  hormones  and  diges¬ 
tive  juices,  so  that  dietary  protein  containing  all  of  the  essential  amino 
acids  is  demanded.  It  follows,  therefore,  that  the  quality  of  protein 
intake  is  important  in  maintenance. 

Mineral  Requirements  for  Maintenance. — Many  of  the  mineral  ele¬ 
ments  undergo  a  very  active  metabolism  in  connection  with  the  various 
processes  that  are  necessary  for  the  normal  body  functions  to  proceed  in 
maintenance.  The  mineral  elements  are  not  necessarily  used  up  and 
excreted  in  the  process,  however,  as  in  the  case  of  energy  and  protein 
metabolism.  On  the  other  hand,  there  is  always  some  loss  of  minerals 
during  maintenance,  the  amount  excreted  and  the  amount  required  for 
maintenance  depending  upon  a  variety  of  factors,  including  the  nature 
of  the  mineral  relations  in  the  diet.  Only  a  few  of  the  numerous  minerals 
essential  for  normal  body  functions  are  everlikely  to  be  sufficiently  lacking- 
in  normal  diets  to  merit  attention  as  regards  their  requirements  in 
maintenance. 

Vitamin  Requirements  for  Maintenance. — Practically  no  work  on  the 
vitamin  requirements  for  maintenance  has  been  carried  on  except  at  the 
Texas  Agricultural  Experiment  Station,  the  results  secured  indicating 
that  for  White  Leghorn  pullets,  averaging  about  3.2  lb.  each,  105  Sher- 
man-Munsell  units  of  vitamin  A  per  day,  or  about  33  units  per  day  per 
pound  live  weight,  are  required. 

NUTRITIVE  REQUIREMENTS  FOR  GROWTH 

As  compared  with  most  other  domestic  animals,  the  chicken  grows 
more  rapidly,  on  a  good  diet  doubling  its  weight  in  about  2  weeks  and 
increasing  it  by  ten  times  in  about  6  weeks.  The  rate  of  growth  is  deter- 


262 


POULTRY  HUSBANDRY 


mined  by  the  inherent  capacity  for  growth,  the  kind  and  amount  of  feed 
consumed,  and  the  environmental  conditions  under  which  the  chicken  is 
kept. 

The  Nature  of  Growth. — Growth  is  a  very  complex  process  involving 
much  more  than  increase  in  size,  for  in  the  growth  of  the  body  as  a  wThole 
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Fig.  124.— Data  on  growth  in  Rhode  Island  Red  pullets  plotted  to  show  growth  curve 
in  A  and  rate  of  growth  in  B.  In  each  case  a  marks  the  end  of  the  age  interval  to  which  the 
autocatalytic  curve  was  fitted  and  d  marks  the  beginning  of  the  interval  to  which  the  curve 
of  diminishing  increment  was  fitted.  ( Titus  and  Jull ,  1928.) 


there  must  also  be  a  completely  coordinated  growth  of  all  of  its  parts. 
For  each  species  there  is  a  characteristic  rate  of  growth  and  a  characteris¬ 
tic  adult  size,  and,  in  a  general  sense,  these  two  statements  apply  to  the 
various  breeds  of  chicken.  Maximum  size  seems  to  be  determined  by 
heredity,  but  since  nutrition  is  an  essential  factor  affecting  rate  of  growth 
and  the  attainment  of  maximum  size,  it  is  obvious  that  the  most  satisfac¬ 
tory  diet  is  one  that  enables  the  chicken  to  take  full  advantage  of  its 
heredity. 
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Increase  in  body  size  involves  an  increase  in  the  organs  and  structural 
tissues  such  as  bone  and  muscle,  this  true  growth  being  distinguished 
from  the  increase  that  results  from  the  deposition  of  fat  in  the  reserve 
tissue.  True  growth  implies,  therefore,  an  increase  in  water,  protein,  and 
mineral  matter  and  involves  an  adequate  supply  of  energy-producing 
nutrients  to  support  the  various  growth  processes  and  vitamins  of  various 
kinds  which  are  essential  for  the  attainment  of  physiological  well-being 
and  the  most  efficient  utilization  of  feed. 

The  Growth  Curve. — When  a  baby  chick  is  fed  a  so-called  “normal” 
diet,  growth  proceeds  as  a  more  or  less  continuous  change  until  maturity 
is  attained.  Although  the  chicken  increases  steadily  in  weight,  the  per¬ 
centage  increase  in  body  weight  from  week  to  week  throughout  the  grow¬ 
ing  period  is  not  the  same.  In  most  cases  body  weight  is  approximately 
doubled  each  2-week  period  up  to  the  end  of  6  weeks,  but  after  that  the 
percentage  gain  in  weight  is  lower. 

From  studies  conducted  at  the  Missouri  Agricultural  Experiment 
Station  it  has  been  shown  that  the  growth  curve  is  divided  into  two 
principal  segments,  one  of  increasing  and  the  other  of  decreasing  slope. 
The  point  of  inflection  of  the  curve  depends  upon  the  kind  of  diet  and  the 
amount  of  feed  consumed  as  well  as  upon  other  factors  but  usually  occurs 
between  the  tenth  and  the  sixteenth  weeks. 

From  the  results  secured  with  Rhode  Island  Reds  at  the  National 
Agricultural  Research  Center  it  was  found  that  cockerels  and  pullets 
attained  mature  body  weight  at  approximately  the  same  age,  but  that 
capons  attained  mature  body  weight  somewhat  younger.  The  capons 
grew  at  about  the  same  rate  as  the  cockerels  but  showed  a  greater  tend¬ 
ency  to  fatten. 

Growth  in  Relation  to  Feed  Consumption. — There  is  a  well-defined 
relationship  between  the  rate  of  growth  and  the  amount  of  feed  consumed 
during  any  given  period.  In  other  words,  the  amount  of  feed  consumed 
rather  than  the  age  of  the  chicken  determines  to  a  large  extent  the  rate  of 
growth. 

From  the  standpoint  of  the  utilization  of  feed,  it  has  been  shown  by 
work  done  at  the  National  Agricultural  Research  Center  that  for  each 
successive  1000  g.  of  feed  consumed  by  growing  chickens  there  was  a 
relatively  smaller  increase  in  live  weight.  In  other  words,  as  the  chickens 
increase  in  size  proportionately  more  of  the  feed  is  used  for  the  main¬ 
tenance  of  the  body  and  proportionately  less  of  the  feed  is  used  for  growth. 
The  utilization  of  feed  for  live-weight  increase  follows  the  law  of  diminish¬ 
ing  increment.  It  was  also  found  that  the  degree  of  utilization  of  that 
fraction  of  the  feed  consumed  which  is  utilized  for  growth,  after  the  other 
requirements  of  the  body  have  been  satisfied,  appears  to  be  independent 
of  the  level  of  nutrition  at  which  the  diet  is  fed  if  the  level  is  held  at 
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an  approximately  constant  percentage  of  ordinary  ad  libitum  feed 
consumption. 

From  a  purely  practical  standpoint,  the  fundamental  principle  of 
increase  in  body  weight  in  relation  to  the  amount  of  feed  consumed  during 
about  the  first  6  weeks  may  be  stated  in  either  one  of  the  following  two 
ways:  (1)  The  average  live  weight  of  chickens  at  any  time  during  this 
period  could  be  estimated  with  reasonable  accuracy  from  a  knowledge  of 
the  amount  of  feed  consumed;  (2)  the  average  weight  of  the  chickens 
enables  one  to  estimate  with  reasonable  accuracy  the  amount  of  feed 
they  have  consumed.  After  about  the  first  6  weeks  the  proportion  of  the 
total  diet  that  is  utilized  for  growth  decreases  relatively,  although,  of 
course,  the  absolute  amount  of  the  nutrients  required  for  maintenance 
and  for  growth  increases  as  the  birds  increase  in  size. 

Quantitative  Requirements  for  Growth. — At  the  present  time,  scien¬ 
tific  knowledge  is  rather  limited  with  respect  to  the  exact  requirements  of 
the  different  nutrients  to  promote  optimum  growth.  It  is  true,  of  course, 
that  during  the  last  few  years  considerable  knowledge  has  been  gained 
concerning  the  minimum  requirements  of  protein,  minerals,  and  vitamins 
during  different  segments  of  the  growth  period,  but  the  optimum  require¬ 
ments  have  yet  to  be  determined.  That  the  gross  requirements  of  energy  , 
protein,  and  minerals  increase  as  growth  continues  is  clearly  shown  in  the 
following  table,  the  data  being  made  available  by  the  Cambridge  School 
of  Agriculture  in  England. 


Table  35. — The  Composition  of  White  Leghorns  at  Different  Ages 

(Hainan,  1936) 


Composition 

Age,  weeks 

1 

3 

7 

11 

15 

20 

24 

28 

Energy  (100  cal.) . 

0.7 

1.7 

3.4 

6.2 

14.8 

20.5 

24.4 

32.1 

Protein,  grams . 

6.9 

17.2 

45.4 

84.0 

223 . 5 

282.8 

338.0 

376.0 

Ash,  grams . 

1.0 

3.0 

9.5 

17.3 

45.5 

64.8 

90.0 

95.0 

When  the  amount  of  feed  consumed  for  each  of  the  different  periods 
was  considered  in  relation  to  the  amounts  of  energy,  protein,  and  ash  stored 
up  in  the  body,  it  was  found  that  as  far  as  energy  requirements  are  con¬ 
cerned  the  normal  increase  in  feed  consumption  allows  for  the  extra 
energy  stored  in  the  later  stages  of  growth  without  the  necessity  of  increas¬ 
ing  the  proportion  of  energy  in  the  feed. 

As  far  as  the  quantitative  requirements  of  protein  are  concerned,  it 
was  found  that  the  demands  of  the  growing  chick  for  protein  are  relatively 
high  up  to  about  12  weeks. 
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The  ash  (mineral)  content  of  the  body  increases  perceptibly,  but  in 
relation  to  feed  consumption  it  was  found  that  from  about  the  eleventh 
to  the  twenty-fourth  week  special  consideration  should  be  given  to  the 
mineral  supply. 

Apparently,  special  attention  should  be  given  to  the  supply  of  protein 
during  the  early  stages  of  growth  and  to  the  mineral  supply  during  the 
later  stages.  In  addition,  it  may  be  said  that  special  attention  must  also 
be  given  to  the  requirements  of  certain  vitamins  during  the  entire  period 
of  growth. 

Energy  Requirements  for  Growth. — On  the  basis  of  per  unit  of  body 
weight,  the  amount  of  energy  represented  by  the  growth  tissue  formed 
decreases  with  age,  but  the  amount  of  energy  stored  per  unit  of  increase 
in  body  weight  increases  with  age. 

The  sum  of  the  energy  of  the  tissue  formed  plus  the  basal  metabolism 
increased  by  a  factor  for  activity  constitutes  the  net-energy  requirement 
for  growth.  Data  for  calculating  the  energy  content  of  tissue  formed  and 
basal  metabolism  figures  were  obtained  from  experiments  conducted  at 
the  Illinois  Agricultural  Experiment  Station.  The  average  daily  expendi¬ 
ture  in  muscular  activity  was  estimated  to  be  50  per  cent  of  the  basal 
heat.  The  data  for  White  Leghorn  cockerels  are  given  in  the  accom¬ 
panying  table.  The  data  in  the  column  headed  “ Maintenance”  denote 
the  basal  metabolism,  and  the  data  headed  “  Equivalent  weight  of  corn, 
g.”  convert  the  total  net  energy  requirements  in  calories  into  grams  of 
corn,  which  is  assumed  to  have  a  net-energy  value  of  280  cal.  per  100  g. 

Table  36. — Net-energy  Requirements  of  Growing  White  Leghorn  Cockerels 

(Mitchell,  Card,  and  Hamilton,  1931) 


Body 

weight, 

pounds 

Net  energy,  calories 

Equivalent 
weight  of 
corn,  grams 

Maintenance 

Activity 

Growth 

Total 

0.5 

37 

18 

15 

70 

25 

1.0 

55 

27 

19 

101 

36 

1.5 

59 

29 

21 

109 

39 

2.0 

72 

36 

21 

129 

46 

3.0 

94 

47 

19 

160 

57 

4.0 

114 

57 

14 

185 

66 

5.0 

133 

66 

10 

210 

75 

The  data  in  the  table  show  that  for  the  body  weights  above  2  lb.  the 
energy  requirements  for  growth  decrease  as  the  body  weight  increases, 
which  is  accounted  for  by  the  decreased  rate  of  growth.  The  data  are 
given  here  merely  to  illustrate  a  method  of  computing  energy  require¬ 
ments,  but  it  is  recognized  that  before  they  can  be  adopted  for  practice 
they  must  be  tested  by  carefully  controlled  feeding  experiments. 
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Protein  Requirements  for  Growth. — The  increase  in  body  size  as  the 
result  of  true  growth  is  largely  due  to  increases  in  water  and  protein.  In 
a  well-balanced  diet  its  protein  content  is  the  outstanding  factor  that 
determines  the  rate  of  growth  attained.  The  actual  amount  of  protein 
required  for  optimum  growth  is  considerably  in  excess  of  the  amount 
stored  in  the  body  because  the  loss  of  protein  in  digestion  and  the  wastage 
of  protein  in  metabolism  must  be  provided  for  in  the  diet. 

Moreover,  the  amount  of  protein  required  for  growth  is  determined 
to  some  extent  by  the  nutritive  value  of  the  protein  intake.  The  effi¬ 
ciency  or  biological  value  of  the  protein  of  a  given  diet  is  measured  as  the 


Fig.  125. — A  diet  high  in  good  quality  protein  speeds  up  the  rate  of  growth.  This 
illustration  shows  typical  curves  resulting  from  the  plotting  of  the  average  live  weight  of  a 
group  of  chickens  against  the  age  of  the  chickens.  The  horizontal  arrows  pointing  toward 
each  curve  indicate  the  point  of  inflection  of  the  growth  curves,  and  the  vertical  arrows 
indicate  the  approximate  age  at  which  egg  production  begins.  ( Titus  and  Hammond , 
1935.) 

percentage  of  the  total  intake  that  is  stored.  It  has  been  pointed  out 
previously  that  the  various  protein  supplements  vary  considerably  among 
themselves  with  respect  to  their  biological  values  for  growth-promoting 
purposes. 

Animal  products  are  for  the  most  part  superior  to  plant  products  as 
sources  of  protein.  Milk,  liver,  and  other  glandular  organs  are  superior 
to  grass  and  other  leafy  products  as  well  as  cereal  seeds,  which,  however, 
are  superior  to  such  animal  products  as  blood  and  connective  tissue. 
Because  of  these  differences  among  feeds  used  as  supplementary  sources  of 
protein,  it  is  apparent  that  there  can  be  no  fixed  minimum  requirement 
for  growth  except  in  terms  of  specific  feeds.  Then,  again,  the  fact  should 
be  kept  in  mind  that  certain  proteins  mutually  supplement  each  other,  so 
that  the  resulting  amino-acid  mixture  has  a  biological  value  exceeding 
that  of  either  protein  when  fed  separately. 
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The  results  of  experimental  work  on  protein  requirements  for  growth 
carried  on  at  different  institutions  may  be  summarized  in  a  very  general 
way  by  citing  the  results  secured  with  White  Leghorns  at  Cornell  Uni¬ 
versity.  Four  diets  containing  approximately  20,  18,  15,  and  13  per  cent 
protein,  respectively,  the  protein  supplement  used  being  meat  scraps, 
were  tested.  At  the  end  of  8  weeks  the  average  weight  of  both  sexes  in 
grams  per  chick  was  approximately  439,  416,  308,  and  247,  respectively. 

The  20  per  cent  protein  diet  promoted  slightly  faster  growth  than  the 
18  per  cent  one,  which  in  turn  promoted  considerably  faster  growth  than 
the  15  per  cent  protein  diet,  the  latter  promoting  much  faster  growth  than 
the  13  per  cent  one. 

At  the  end  of  the  8-week  period  the  cockerels  were  separated  from  the 
pullets,  the  latter  being  continued  in  the  experiment  up  to  the  end  of 
20  weeks,  at  which  time  the  average  weight  in  grams  per  pullet  for  the 
20,  18,  15,  and  13  per  cent  protein  diets  was  approximately  1,270,  1,225, 
1,195,  and  1,019,  respectively.  During  the  last  12  weeks  of  the  experi¬ 
ment  the  pullets  on  the  15  and  13  per  cent  protein  diets  grew  relatively 
faster  than  the  pullets  on  the  20  and  18  per  cent  diets. 

The  relationship  between  the  per  cent  of  protein  in  the  diet  and  the 
gain  in  body  weight  per  gram  of  feed  and  per  gram  of  protein,  respectively, 
is  brought  out  by  the  data  in  the  accompanying  table,  the  data  from  the 
20  and  13  per  cent  protein  diets  being  used. 

Table  37. — Gain  per  Gram  of  Feed  and  Gain  per  Gram  of  Protein  by  White 

Leghorns  Receiving  Diets  Containing  20  and  13  Per  Cent  Protein, 

Respectively 
(Norris  and  Heuser,  1930) 


Age,  weeks 

Gain  per  gram  of  feed 

Gain  per  gram  of  protein 

20  per  cent 
protein  diet 

13  per  cent 
protein  diet 

20  per  cent 
protein  diet 

13  per  cent 
protein  diet 

1  to  4 

0.325 

0.238 

1.60 

1.85 

5  to  8 

0.253 

0.195 

1.26 

1.52 

9  to  12 

0.195 

0.183 

0.96 

1.42 

13  to  16 

0.163 

0.192 

0.80 

1.49 

17  to  20 

0.098 

0.125 

0.48 

0.97 

The  data  in  the  table  bring  out  certain  essential  features  pertaining 
to  the  problem  of  protein  requirements  for  growth.  A  diet  containing  a 
high  protein  content  stimulates  early  growth,  but  the  maximum  live 
weight  eventually  attained  is  usually  independent  of  the  per  cent  of 
protein  in  the  diet.  On  the  other  hand,  birds  on  a  high  per  cent  protein 
diet  attain  maximum  weight  considerably  earlier  than  those  on  a  low  per 
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cent  protein  diet,  but  the  advantage  of  a  high  per  cent  protein  diet  is 
gradually  lost  after  the  birds  are  about  half  grown.  During  most  of  the 
period  of  active  growth  less  feed  is  required  to  produce  gains,  m  live  weight, 
although  this  advantage  is  gradually  lost  as  maximum  live  weight  is 
approached.  An  interesting  fact  to  be  kept  in  mind,  however,  is  that 
protein  is  more  efficiently  utilized  when  the  diet  contains  a  low  per  cent 
of  protein  than  when  it  contains  a  high  per  cent. 

Finally,  since  the  advantage  of  a  diet  containing  a  high  per  cent  of 
protein  is  gradually  lost  after  the  chickens  are  about  half  grown,  it  would 
appear  desirable  to  feed  a  diet  relatively  rich  in  protein  for  the  first  8  to 
12  weeks,  especially  if  broilers  are  being  produced,  and  thereafter  grad- 


Fig.  126. — The  calcium  and  phosphorus  portions  of  the  diet  cannot  be  utilized  effi¬ 
ciently  in  bone  formation  if  there  is  a  deficiency  of  vitamin  D  in  the  diet,  the  result  being  a 
bone  disease  called  “rickets.”  This  illustration  shows  the  difference  in  the  calcification  of 
the  leg  bones  of  chicks  without  and  with  a  sufficient  supply  of  vitamin  D  in  the  diet.  In  A 
is  shown  the  leg  bone  of  a  chick  fed  a  diet  in  which  the  vitamin  was  not  sufficient  to  promote 
proper  calcification.  In  B  is  shown  the  leg  bone  of  a  chick  fed  the  same  diet  to  which  was 
added  y*  of  1  per  cent  of  sardine  oil.  Note  at  X  the  difference  in  the  extent  of  the  uncalci¬ 
fied  areas.  ( F .  E.  Booth  Company,  Inc.) 


ually  reduce  the  per  cent  of  protein  in  the  diet  as  the  birds  grow  older  but 
not  to  such  an  extent  that  pullets  reared  will  be  handicapped  in  body 
weight  with  the  onset  of  egg  laying. 

Mineral  Requirements  for  Growth. — Of  the  numerous  minerals  that 
are  essential  in  the  diet  to  promote  normal  growth,  the  calcium  and 
phosphorus  needs  have  been  studied  most  extensively  because  they  have 
been  found  to  be  of  such  great  importance  for  the  normal  development 
of  the  skeletal  or  bone  structure  of  the  chicken.  It  should  be  observed 
here,  however,  that  the  most  efficient  utilization  of  the  calcium  and 
phosphorus  content  of  the  diet  depends  upon  an  adequate  supply  of 
vitamin  D.  Calcium,  phosphorus,  and  vitamin  D  may  for  convenience 
be  called  the  bone-forming  nutrients. 

The  density  and  strength  of  bone  as  conditioned  by  its  calcium  and 
phosphorus  content  are  the  real  measures  of  proper  skeletal  development ; 
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and  since  the  ash  of  bone  consists  almost  entirely  of  calcium  and  phos¬ 
phorus,  the  determination  of  ash  is  the  method  commonly  employed  as 
the  measure  of  the  adequacy  of  bone  nutrition.  Since  the  first  symptoms 
of  mineral  malnutrition  usually  involve  the  leg  bones  of  growing  chickens, 
ash  determinations  have,  for  the  most  part,  been  made  of  those  bones. 
The  results  of  investigations  at  the  National  Agriculture  Research  Center 
show  that  the  tibia  is  the  most  satisfactory  bone  to  use  in  studying  the 
effects  of  various  diets  and  sources  of  vitamin  D  on  the  ash  content  of 
bone,  the  epiphyseal  cartilage  being  removed.  The  level  of  inorganic 
phosphorus  in  the  blood  and  X-ray  photographs  are  also  useful  in  study¬ 
ing  the  state  of  the  nutrition  of  calcium  and  phosphorus. 

Lack  of  proper  calcification  of  bone  gives  rise  to  a  condition  known 
as  “ rickets,”  in  the  final  stages  of  which  the  chicks  are  unable  to  stand. 


Fig.  127. — Typical  cases  of  rickets,  due  to  a  deficiency  of  Vitamin  D  in  the  diet,  this 
vitamin  deficiency  making  it  impossible  for  the  chick  to  utilize  calcium  and  phosphorus 
efficiently.  ( U .  S.  Dept.  Agr.) 


The  leg  bones  are  usually  more  or  less  brittle  and  are  frequently  curved. 
The  breast  bone  is  frequently  curved,  and  the  ribs  often  show  a  “ beading” 
effect.  The  concentrations  of  calcium  and  phosphorus  in  the  diet  deter¬ 
mine  the  ratio  of  the  elements  that  permit  maximum  calcification.  There 
is  no  calcium-to-phosphorus  ratio  that  is  optimal  for  all  diets,  even  in  the 
presence  of  adequate  amounts  of  vitamin  D. 

As  the  result  of  numerous  investigations  carried  on  at  Cornell  Uni¬ 
versity  and  at  the  Maryland,  Ohio,  and  Wisconsin  agricultural  experi¬ 
ment  stations,  it  is  concluded  that  the  average  minimum  requirements  of 
calcium  and  phosphorus  for  proper  bone  development  consist  of  approxi¬ 
mately  0.70  to  0.75  per  cent  of  calcium  and  approximately  0.40  to  0.50  per 
cent  of  phosphorus  in  the  diet.  On  a  dry-matter  basis  these  minimum 
requirements  approximate  0.80  per  cent  calcium  and  0.45  per  cent  phos¬ 
phorus.  The  calcium  and  phosphorus  requirements  of  growing  cockerels 
are  slightly  greater  than  those  of  growing  pullets,  and  in  both  sexes  the 
per  cent  of  calcium  and  phosphorus  in  the  diet  decreases  perceptibly  as 
the  birds  approach  maximum  body  size. 
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Work  at  the  Nebraska  Agricultural  Experiment  Station  has  shown  that 
diets  containing  0.90,  1.5,  and  2.3  per  cent  of  calcium  resulted  in  the 
retention  of  35,  24,  and  13  per  cent,  respectively,  of  the  ingested  calcium. 
There  was  no  significant  change  in  the  retention  of  ingested  nitrogen  and 
phosphorus.  Work  at  the  Illinois  Agricultural  Experiment  Station  has 
shown  that  both  calcium  and  phosphorus  are  more  efficiently  utilized  in 
a  ration  containing  0.50  per  cent  of  phosphorus  than  a  diet  containing 
0.26  per  cent  of  phosphorus  but  that  a  diet  of  0.83  per  cent  of  phosphorus 
did  not  materially  increase  the  retention  of  either  calcium  or  phosphorus 
over  the  diet  containing  0.50  per  cent  of  phosphorus.  The  greater  the 
consumption  of  a  diet  that  results  in  the  development  of  rickets  the  slower 
is  the  rate  of  bone  calcification. 


Fig.  128. — A  growing  chicken  affected  with  perosis.  ( Norris ,  1937.) 

It  should  be  borne  in  mind  that  0.70  to  0.75  per  cent  of  calcium  and 
0.40  to  0.50  per  cent  of  phosphorus  in  the  diet  represent  the  minimum 
requirements  for  proper  bone  formation  and  for  growth.  The  rate  of 
growth  as  influenced  by  the  other  ingredients  of  the  diet  is  doubtless  an 
important  factor  in  determining  the  amounts  of  calcium  and  phosphorus 
required.  The  rapid  calcification  of  bone  that  takes  place  during  the 
first  6  weeks  under  optimum  conditions  of  growth  requires  a  high  daily 
intake. 

A  leg  deformity  called  “  perosis,”  or  slipped  tendon,  is  sometimes 
confused  with  rickets,  in  spite  of  the  fact  that  the  bones  are  well  calcified 
and  hard.  The  distinctive  symptom  of  perosis  is  a  bowing  or  twisting  of 
the  legs,  and  the  Achilles’  tendon  slips  out  of  its  normal  position  and 
remains  permanently  dislocated.  Frequently  there  is  an  enlargement 
and  flattening  of  the  tibiometatarsal  joint.  Excessive  amounts  of  inor¬ 
ganic  phosphorus  or  other  minerals  appear  to  be  the  major  cause  of  the 
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disease.  Oat  feed,  rice  bran,  and  wheat-gray  shorts  have  been  shown  to 
contain  some  factor  that  tended  to  prevent  the  development  of  perosis. 
Apparently  at  the  Ontario  Agricultural  College  manganese  was  first 
suggested  as  a  preventive  factor,  and  extensive  research  at  Cornell  Uni¬ 
versity  has  shown  that  from  35  to  50  parts  manganese  per  million  parts 
feed  are  required  to  prevent  perosis  from  developing.  Work  at  Cornell 
has  further  indicated  that  manganese  in  the  diet  is  necessary  to  enable 
chicks  to  attain  optimum  growth. 

Ve^  little  work  has  been  done  to  determine  the  optimum  require¬ 
ments  for  growth  of  other  minerals,  although  a  few  general  comments  are 
possible.  Bone  deformities  and  poor  growth  may  result  from  a  diet 
containing  5  per  cent  or  more  of  magnesium  carbonate.  Diets  containing 
0.5  to  1.0  per  cent  salt  are  sufficient  to  supply  the  necessary  sodium  and 
chlorine  for  growth,  according  to  tests  conducted  at  the  Wisconsin  Agri¬ 
cultural  Experiment  Station.  Apparently  there  is  no  occasion  for  adding 
iron,  copper,  iodine,  or  most  other  minerals  not  previously  discussed,  to 
diets  for  growing  chicks.  Excessive  amounts  of  fluorine  tend  to  depress 
growth,  and  judging  from  the  results  secured  at  the  Ohio  and  Wisconsin 
agricultural  experiment  stations  the  diet  should  not  contain  more  than 
1.5  per  cent  of  rock  phosphate.  Chicks  receiving  65  per  cent  or  more 
of  grains  or  their  products  that  have  been  grown  on  seleniierous  soils 
suffer  from  selenium  poisoning,  according  to  work  done  at  the  South 
Dakota  Agricultural  Experiment  Station.  The  feeding  of  grit,  when  the 
diet  is  comprised  of  finely  ground  grains,  tends  to  prevent  the  develop¬ 
ment  of  crater  lesions  in  the  linings  of  the  gizzards  of  young  chicks. 

Vitamin  Requirements  for  Growth. — During  the  past  few  years  a  vast 
amount  of  research  work  has  been  devoted  to  studying  the  effects  on 
chicks  of  deficiencies  of  a  number  of  vitamins.  Although  it  has  been 
demonstrated  that  deficiencies  of  certain  vitamins  have  very  pronounced 
effects  on  growth  and  development,  much  has  yet  to  be  learned  concerning 
the  optimum  requirements  of  most  of  the  vitamins. 

The  results  of  work  carried  on  at  several  institutions  indicate  that 
from  150  to  about  200  units  of  vitamin  A  per  100  g.  of  feed  constitute  the 
minimum  requirements  for  growth.  Results  secured  at  Cornell  Univer¬ 
sity  indicate  that  about  700  units  of  vitamin  A  are  required  by  chicks  if 
the  optimum  rate  of  growth  is  to  be  maintained. 

The  vitamin  D  requirements  for  chicks  seem  to  have  been  studied  most 
exhaustively  by  the  Pennsylvania  and  Washington  agricultural  experi¬ 
ment  stations.  For  chicks  raised  in  confinement,  without  access  to 
sunlight,  it  was  found  that  about  20  International  units  of  vitamin  D 
from  cod-fiver  oil  should  be  added  to  each  100  g.  of  the  diet.  This  is  the 
minimum  requirement  for  the  normal  calcification  of  bone,  thus  prevent¬ 
ing  rickets,  and  for  growth.  Allowance  should  be  made,  however,  for 
differences  in  the  calcium  and  phosphorus  content  of  the  diet. 
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The  vitamin  D  requirements  of  growing  chickens  are  readily  supplied 
by  sunlight  or  by  exposure  to  ultraviolet  irradiation.  In  most  parts  of 


Fig.  129. — A  growing  chick  showing  symptoms  of  vitamin  A  deficiency.  ( Norris ,  1937.) 


U.S.P.  Units  Vitamin  A  per  100  Grams  of  Feed 

Fig.  130. — Showing  the  growth  response  of  chicks  to  vitamin  A  feeding.  ( Ringrose  and 

Norris,  1936.) 


the  United  States  if  the  chickens  are  in  the  sunlight  a  reasonable  amount 
of  time  daily  or  every  few  days  from  May  to  September  there  is  practically 
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no  danger  of  rickets.  Chicks  exposed  to  the  irradiation  from  a  quartz- 
mercury- vapor  lamp  for  a  3-min.  period  once  a  week  did  not  develop 


Fig.  131.- — -Showing  the  effect  of  feeding  different  levels  of  the  riboflavin  vitamin  to  growing 

chicks.  ( Bethke ,  Record,  and  Wilder,  1937.) 

rickets  in  an  experiment  conducted  at  the  Wisconsin  Agricultural  Experi¬ 
ment  Station.  The  effects  of  irradiation  are  due  to  the  power  of  ultra- 


Fig.  132. — Chick  suffering  from  a  deficiency  in  the  diet  of  the  filtrate-factor  vitamin. 

(Norris,  1937.) 


violet  rays  serving  the  same  function  as  vitamin  D  in  relation  to  calcium 
and  phosphorus  metabolism.  When  subjected  to  irradiation,  some 
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substance  in  the  chicken’s  body,  apparently  cholosterol  and  ergosterol, 
becomes  vitamin  D.  Irradiated  ergosterol  is  not  as  effective  in  prevent¬ 
ing  rickets  as  cod-liver  oil. 

Riboflavin,  one  of  the  vitamin  G  complexes,  is  another  vitamin  essen¬ 
tial  for  chick  growth,  work  done  at  Cornell  University  indicating  that  the 
minimum  requirement  is  equivalent  to  290  units  per  100  grams  of  feed. 

The  minimum  requirements  of  the  antipellagric,  or  filtrate-factor, 
vitamin  appear  to  be  100  units  per  100  g.  of  feed,  according  to  results 
secured  at  the  California  Agricultural  Experiment  Station. 

The  minimum  requirements  of  other  vitamins  that  are  necessary  to 
enable  chickens  to  make  satisfactory  growth  have  apparently  not  been 
determined. 


NUTRITIVE  REQUIREMENTS  FOR  FATTENING 

A  large  share  of  the  poultry  meat  consumed  each  year  is  marketed 
in  the  form  of  broilers,  fryers,  and  roasters,  all  of  which  are  sold  from 
the  producing  plant  while  still  in  the  growing  stage.  The  fattening  of 
chickens  is  primarily  for  the  purpose  of  improving  the  quality  of  poultry 
meat  by  the  addition  of  fat  to  the  carcass.  During  growth,  fat  is 
deposited  in  the  body  to  a  small  extent  only.  The  fattening  process 
leads  not  only  to  increased  fat  deposition  but  also  to  an  increase  in  the 
deposition  of  water  in  all  tissues. 

The  physiology  of  the  utilization  and  formation  of  fat  in  the  chicken’s 
body  is  of  fundamental  importance  in  the  raising  of  chickens  for  market. 
From  the  quantitative  standpoint,  the  normal  diet  of  the  chicken  is 
composed  largely  of  carbohydrates  and  protein,  very  little  fat  being 
present.  It  is  true  that  ingested  protein  can  be  transformed  into  body 
fat,  the  nonnitrogenous  residue  of  certain  amino  acids  being  changed  into 
glucose,  which  is  readily  changed  into  fat.  Under  normal  conditions, 
however,  by  far  the  most  of  the  fat  deposit  is  obtained  from  carbohydrates 
plus  that  obtained  from  ingested  fat  fed  during  the  fattening  period.  The 
transfer  of  carbohydrate  into  fat  is  much  more  efficiently  carried  out  than 
the  transfer  of  protein  into  fat. 

The  absorbed  products  of  carbohydrate  digestion  consist  of  glucose 
and  other  substances  which  are  carried  to  the  liver  where  they  are  con¬ 
verted  into  glycogen,  which  in  turn  is  gradually  reconverted  into  glucose. 
The  principal  purpose  of  glycogen  is  to  provide  an  easily  available  source 
of  energy-producing  material  for  use  as  needed  by  the  body.  When 
the  carbohydrate  intake  exceeds  the  needs  of  the  body  for  energy  pur¬ 
poses,  as  in  the  case  of  fattening,  sugar  is  transformed  into  fat.  Much 
of  the  fat  in  the  carcass  is  found  immediately  under  the  skin,  the  balance 
being  located  around  certain  organs’  such  as  the  gizzard,  in  the  mem¬ 
branes  surrounding  the  intestines,  and  in  the  muscles. 
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Apparently  there  is  very  little  wastage  in  the  metabolism  of  fat  deposi¬ 
tion.  In  the  fattening  of  a  mature  bird  approximately  7  cal.  per  gram 
of  body  weight  increase  represents  the  energy  requirement,  and  approxi¬ 
mately  0.2  g.  of  net  protein  per  gram  of  body  weight  increase  represents 
the  protein  requirement.  The  amount  of  energy  and  protein  made 
available  in  the  fattening  diet  should  provide  for  the  losses  in  energy  that 
occur  in  digestion  and  the  losses  in  protein  that  occur  in  digestion  and 
metabolism.  Aside  from  these  brief  observations  on  the  nutritive  require¬ 
ments  for  fattening,  the  observations  made  previously  concerning  the 
nutritive  requirements  for  growth  also  apply,  inasmuch  as  most  poultry 
is  fattened  during  the  growing  period,  the  outstanding  exception  being 
old  hens  that  have  served  their  usefulness  as  layers. 

NUTRITIVE  REQUIREMENTS  FOR  MARKET -EGG  PRODUCTION 

Although  the  primary  purpose  of  egg  production  was  for  the  reproduc¬ 
tion  of  the  species,  the  use  of  eggs  as  human  food  has  resulted  in  the 
development  of  an  industry  in  which  most  of  the  eggs  produced  are  used 
for  human  consumption.  The  production  of  eggs  involves  a  complicated 
series  of  physiological  events  in  which  the  body  as  a  whole  and  the  organs 
of  reproduction  are  involved.  The  proper  nutrition  of  the  laying  bird 
is  of  vital  importance  if  the  production  of  eggs  of  superior  quality  is  to  be 
maintained  at  a  satisfactory  level. 

In  one  year  a  pullet  or  hen  may  produce  five  times  as  much  dry  matter 
in  the  eggs  she  lays  as  is  contained  in  her  body,  indicating  an  intensive 
metabolism  and  very  large  nutritive  requirements.  It  is  understood,  of 
course,  that  the  requirements  for  energy,  protein,  carbohydrates,  min¬ 
erals,  and  vitamins  are  determined  to  a  considerable  extent  by  the  rate  of 
egg  production.  A  hen  laying  an  egg  every  day  requires  the  necessary 
nutrients  for  those  eggs  and  in  addition  sufficient  nutrients  for  her  main¬ 
tenance  and  activity  requirements,  whereas  another  hen  laying  an  egg 
every  third  day  requires  only  one-third  of  the  necessary  egg-producing 
nutrients  that  are  required  by  the  first  hen. 

The  ability  to  lay  well  is  an  inherited  characteristic,  and  nutrition 
can  do  no  more  than  allow  the  bird  to  express  its  maximum  laying  poten¬ 
tialities.  The  important  point  is  that  this  can  be  made  possible  only 
by  providing  adequate  diets  properly  balanced  in  all  respects. 

Energy  Requirements  for  Egg  Production. — From  studies  conducted 
at  the  National  Agricultural  Research  Center  it  was  estimated  that  40  g. 
of  feed  were  required  to  produce  an  egg  over  and  above  the  gross  main¬ 
tenance  requirements  of  White  Leghorn  hens  16  months  old  and  weighing 
approximately  3.6  lb.  on  the  average.  The  gross  maintenance  require¬ 
ments  of  these  birds  was  estimated  to  be  64  g.  of  feed  per  bird  per  day. 
This  gives  a  total  of  104  g.  of  feed  per  bird  per  day  as  the  total 
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feed  requirement  for  egg  production.  Assuming  a  net  energy  value  of 
the  feed  used  at  280  cal.  per  100  g.,  the  net  energy  value  for  corn,  it  is 
seen  that  for  the  production  of  an  egg  a  White  Leghorn  hen  of  the  size 
specified  would  require  291  cal.  in  her  feed. 

Protein  Requirements  for  Egg  Production. — At  the  Illinois  Agricul¬ 
tural  Experiment  Stationdt  has  been  estimated  that  the  nitrogen  require¬ 
ment  for  maintenance  is  equivalent  to  0.002  g.  per  calorie  of  heat 
production  per  square  meter  of  body  surface  and  that  for  a  4-lb.  White 
Leghorn  the  maintenance  requirement  of  dietary  protein  amounts  to 
approximately  4.36  g.  of  corn.  From  studies  made  at  Cambridge  Uni¬ 
versity  in  England  it  was  estimated  that  for  the  production  of  a  2-oz.  egg 
approximately  10.5  g.  of  digestible  protein  is  required. 

From  the  standpoint  of  the  level  of  protein  required  in  the  diet  to 
enable  laying  stock  to  maintain  a  satisfactory  rate  of  egg  production 
over  a  period  of  time,  it  is  apparent  from  results  secured  at  different 
institutions  that  the  laying-stock  diet  should  contain  approximately 
15  to  16  per  cent  protein  of  good  quality. 

It  has  previously  been  observed,  however,  that  during  about  the  first 
8  weeks  after  hatching,  the  diet  of  the  growing  pullets  should  contain 
about  20  per  cent  protein  of  good  quality.  This  level  of  protein  content 
of  the  diet  should  be  lowered  from  time  to  time  until  the  onset  of  egg 
laying.  A  high  level  of  protein  of  good  quality  throughout  the  entire 
growing  period  is  not  only  unnecessary  but  may  have  the  effect  of 
inducing  the  pullets  to  start  laying  somewhat  too  early. 

The  results  secured  at  two  different  institutions  with  different  diets 
show  remarkable  agreement  with  respect  to  the  protein  level  of  the  diet 
for  satisfactory  egg  production.  At  Cornell  University  three  diets  each 
containing  12,  14,  and  16  per  cent  of  protein  resulted  in  an  average  egg 
production  of  148,  156,  and  178  eggs  per  bird,  respectively.  Results 
secured  at  the  Washington  Agricultural  Experiment  Station  indicated 
that  a  diet  containing  15  per  cent  protein  from  adequate  sources  can  safely 
be  recommended  for  satisfactory  egg  production. 

Mineral  Requirements  for  Egg  Production. — Among  the  various  min¬ 
erals  essential  for  satisfactory  egg  production,  calcium  is  the  most  impor¬ 
tant  from  the  quantitative  standpoint  because  the  eggshell,  which 
constitutes  approximately  11  per  cent  of  the  total  weight  of  the  egg,  is 
composed  very  largely  of  calcium  carbonate.  The  fact  that  the  total 
calcium  level  of  the  blood  serum  of  the  laying  hen  is  approximately  double 
that  of  the  nonlaying  hen,  as  observed  at  the  New  Jersey  Agricultural 
Experiment  Station  and  elsewhere,  indicates  the  intensity  of  calcium 
metabolism  involved  in  egg  production. 

Although  a  deficiency  of  calcium  in  the  diet  of  the  laying  hen  does 
not  materially  change  the  calcium  content  of  the  liquid  portion  of  the 
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eggs  laid,  nor  are  soft-shelled  eggs  produced,  as  demonstrated  by  the 
Kentucky  Agricultural  Experiment  Station,  nevertheless,  the  percentages 
of  calcium  and  phosphorus  in  the  bones  are  reduced,  and  there  is  a 
reduction  in  egg  production. 

A  deficiency  of  phosphorus  in  the  diet  produces  comparable  effects. 
At  the  Kansas  Agricultural  Experiment  Station  it  was  demonstrated  that 
there  was  a  marked  rise  in  the  level  of  inorganic  phosphorus  in  the  blood 
of  laying  hens  during  the  period  of  shell  formation.  At  Cambridge 
University  it  was  observed  that  the  metabolism  of  phosphorus  is  linked 
with  that  of  calcium  and  that  excessive  calcium  feeding  may  lead  to  the 
depletion  of  phosphorus  reserves. 

During  heavy  egg  production,  calcium  and  phosphorus  are  transferred 
from  the  bones,  this  physiological  process  emphasizing  the  importance  of 
feeding  a  sufficiently  high  level  of  calcium  and  phosphorus  during  the 
laying  period  in  order  to  provide  sufficient  reserves  to  be  drawn  upon. 
From  work  done  at  Cornell  University  it  appears  that  the  diet  of  the 
laying  hen  should  contain  1.8  per  cent  of  calcium,  and  from  work  at  the 
Washington  Agricultural  Experiment  Station  the  desirable  phosphorus 
content  appears  to  be  0.8  per  cent. 

Results  secured  at  the  National  Agricultural  Research  Center  led 
to  the  conclusion,  however,  that  the  level  of  calcium  intake  should  be 
controlled  by  taking  into  consideration  the  phosphorus  content  of  the 
diet,  feed  consumption,  and  the  potential  egg-laying  capacity  of  the 
birds.  The  following  ratios  have  been  suggested: 


Calcium 

Phosphorus 

Calcium 

Phospho 

1.9 

:  0.6 

2.4 

1.0 

2.0 

:  0.7 

2 . 5 

1.1 

2.1 

:  0.8 

2.6 

1.2 

2.3 

:  0.9 

2.8 

1.3 

The  ability  of  the  laying  hen  to  utilize  calcium  and  phosphorus  most 
efficiently  depends  upon  the  presence  in  the  diet  of  adequate  amounts  of 
vitamin  D,  this  relationship  having  been  discussed  previously. 

Practically  nothing  is  known  concerning  either  the  minimum  or  the 
optimum  requirements  of  the  numerous  other  minerals  that  are  considered 
to  be  essential  in  the  diet  of  the  laying  hen. 

Vitamin  Requirements  for  Egg  Production. — The  amount  of  research 
that  has  been  conducted  to  determine  the  requirements  of  the  various 
vitamins  for  egg  production  is  rather  limited,  although  some  interesting 
results  have  been  obtained.  At  the  Texas,  New  Jersey,  and  Western 
Washington  agricultural  experiment  stations  the  results  secured  indicate 
that  approximately  400  to  500  Sherman-Munsell  units  of  vitamin  A  per 
100  g.  of  feed  are  sufficient  for  good  egg  production,  and  the  eggs  are 
rich  in  the  vitamin. 
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From  results  secured  at  the  Pennsylvania  and  Washington  agricultural 
experiment  stations,  it  is  apparent  that  approximately  60  to  80  Interna¬ 
tional  (U.S.P.,  United  States  Pharmacopoeia)  units  of  vitamin  D  per 
100  g.  of  feed  is  required  to  maintain  a  satisfactory  level  of  egg  production 
in  the  case  of  pullets  not  having  access  to  sunlight. 

Observations  made  at  Cornell  University  suggest  that  130  units  of 
riboflavin  per  100  g.  of  feed  are  required  for  satisfactory  egg  production. 
Other  vitamin  requirements  for  egg  production  apparently  have  not 

been  determined  as  yet.  .  , 

Nutritive  Requirements  for  Molting. — The  periodical  shedding  and 

renewal  of  feathers  by  the  laying  hen  presents  a  problem  of  interest  from 
the  standpoint  of  possible  special  nutritive  requirements  that  must  be  met 
during  the  molting  process.  The  close  association  that  exists  between 
the  onset  of  the  molt  and  the  cessation  of  egg  production  suggests  a  shift 
in  the  requirements  from  those  of  egg  production  to  those  of  feather 

growth.  .  ,  0, 

Observations  made  at  the  Nebraska  Agricultural  Experiment  Station 

indicate  clearly  the  need  for  an  adequate  supply  of  the  ammo  acid  cystme 

for  feather  growth.  It  was  found  that  with  nonmolting  mature  Rhode 

Island  Red  hens  the  average  daily  loss  of  endogenous  nitrogen  amounted 

to  144  mg.  per  kilogram  of  body  weight,  whereas  in  molting  hens  the 

daily  loss  amounted  to  219  mg.  per  kilogram  of  body  weight.  When 

145  mg.  of  cystine  was  added  to  the  diet  of  molting  hens  it  was  found  that 

the  average  daily  loss  of  endogenous  nitrogen  was  137  mg.  m  contrast  with 

a  loss  of  239  mg.  per  kilogram  of  body  weight  with  other  molting  hens 

not  fed  the  cystine.  The  feeding  of  cystine  exerted  a  protein-sparing 

effect  out  of  proportion  to  its  nitrogen  content,  thus  suggesting  that  lor 

normal  feather  growth  cystine  is  important.  .  ,  , 

At  the  Texas  Agricultural  Experiment  Station  it  was  concluded  that 
the  vitamin  A  requirements  for  feather  growth  are  equivalent  to  those  for 

egg  production. 

NUTRITIVE  REQUIREMENTS  FOR  HATCHING-EGG  PRODUCTION 

The  results  of  numerous  experiments  carried  on  at  different  institu¬ 
tions  during  recent  years  have  demonstrated  clearly  that  certain  diets 
that  are  quite  satisfactory  for  market-egg  production  are  relatively  very 
unsatisfactory  for  hatching-egg  production.  Recent  discoveries  have 
shown  that  specific  nutrients  have  specific  functions  in  the  various  events 
involved  in  the  reproduction  of  the  species.  The  egg  must  contain  many 
nutrients  in  adequate  amounts  for  the  proper  nourishment  of  the  embryo 
during  the  period  of  incubation.  The  hatching  quality  of  an  egg  is 
influenced  to  a  considerable  extent  by  the  kind  of  diet  rece'ved  by  the  hen 
that  lays  the  egg.  The  results  of  research  work  indicate  that  the  three 
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classes  ol  nutrients  of  particular  importance  in  the  production  of  eggs 

of  the  highest  possible  hatchability  include  the  proteins,  minerals,  and 
vitamins. 

Protein  Requirements  for  Hatchability. — A  fact  of  outstanding  impor¬ 
tance  developed  by  recent  lines  of  research  is  that  the  source  of  protein 
for  the  diet  of  breeding  stock  sometimes  has  a  striking  effect  on  hatch- 
ability.  Whereas  laying  hens  fed  diets  containing  protein  of  vegetable 
source  only  may  lay  well,  their  eggs  usually  do  not  hatch  so  well  as  eggs 
laid  by  breeding  stock  whose  diets  contain  protein  of  animal  as  well  as  of 
vegetable  origin. 

Presumably  the  differences  in  hatchability  are  due  to  differences  in 
the  amino-acid  composition  of  the  vegetable  and  animal  proteins,  the 
vegetable  proteins  being  deficient  in  certain  amino  acids  that  are  known 
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Fig.  133.— Average  percentage  mortality  of  embryos  in  eggs  from  hens  on  diets  con¬ 
taining  only  vegetable  feedstuffs  (solid  line)  and  in  eggs  from  hens  on  diets  containing 
animal-protein  concentrates  (broken  line)  as  well.  ( Byerly ,  Titus,  and  Ellis  1933  ) 


to  be  essential  for  optimum  growth  and  development.  On  the  other 
hand,  in  several  cases  in  which  marked  differences  were  secured  in  the 
hatchability  of  eggs  from  breeding  stock  fed  diets  supplemented  with 
vegetable  proteins  as  compared  with  the  hatchability  of  eggs  from  breed¬ 
ing  stock  fed  diets  supplemented  with  animal  proteins,  the  increased 
hatchability  reported  to  be  due  to  the  superiority  of  the  animal  proteins 
may  in  reality  have  been  due  to  the  presence  of  vitamins  and  minerals 
that  several  animal  feeds  contain. 

At  the  California  Agricultural  Experiment  Station  no  significant 
differences  were  observed  in  the  amount  of  total  nitrogen,  total  amino 
nitrogen,  cystine,  tyrosine,  and  tryptophan  between  the  eggs  of  high 
hatchability  and  the  eggs  of  low  hatchability. 

The  results  secured  from  other  lines  of  research  indicate  that  the 
source  of  origin  or  methods  of  manufacture  determine  the  value  of  protein 
supplements  for  hatchability.  For  instance,  at  the  National  Agricultural 
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Research  Center  it  was  found  that  different  processes  employed  in  the 
manufacture  of  beef  products  affected  their  value  for  the  production  of 
hatching  eggs. 

Mineral  Requirements  for  Hatchability. — Since  the  shell  of  the  egg 

serves  as  an  important  source  of  calcium  for  the  developing  embryo,  it 
would  seem  reasonable  to  expect  that  diets  deficient  in  calcium  would 
affect  hatchability  adversely.  Such  was  demonstrated  to  be  the  case  at 
the  Kentucky  Agricultural  Experiment  Station.  The  requirements  of 
breeding  stock  for  calcium  and  phosphorus  are  apparently  about  the 
same  as  those  of  laying  stock.  That  a  high  level  of  calcium  may  have  a 
detrimental  affect  on  hatchability  was  shown  by  some  results  secured  at 
the  National  Agricultural  Research  Center.  It  was  found  that  the  hatch- 
ability  of  the  eggs  of  both  hens  and  pullets  tended  to  be  the  lowest  on 
the  two  highest  levels  of  calcium  intake,  the  per  cent  of  calcium  in  the 
diet  being  4.05  and  5.40,  respectively.  These  high  levels  of  calcium 
intake  affected  the  hatchability  more  adversely  when  the  phosphorus 
level  was  0.9  per  cent  than  when  it  was  1.2  per  cent  of  the  diet.  The 
increase  in  embryonic  mortality  occurred  chiefly  during  the  last  3  days 
of  incubation. 

From  the  results  secured  at  Cornell  University  there  was  some  indica¬ 
tion  that  diets  for  breeding  stock  may  sometimes  be  deficient  in 
manganese. 

Work  at  the  Minnesota  Agricultural  Experiment  Station  showed 
that  supplementary  iodine  is  not  required  in  the  diet  of  breeding  hens. 

Vitamin  Requirements  for  Hatchability. — Beyond  the  requirements 
of  certain  vitamins  for  satisfactory  market-egg  production,  there  are 
particular  requirements  of  certain  of  the  vitamins  for  satisfactory  hatch¬ 
ing-egg  production.  It  has  been  demonstrated  from  work  done  at  various 
institutions  that  a  deficiency  of  almost  any  vitamin  will  adversely  affect 
hatchability  but  that,  with  certain  exceptions,  if  enough  of  the  vitamin 
is  supplied  to  promote  satisfactory  market-egg  production  the  hatch- 
ability  of  the  eggs  is  usually  satisfactory. 

Studies  on  the  vitamin  A  requirements  for  hatchability  indicate  that 
it  tends  to  increase  as  the  proportion  of  vitamin  A  in  the  diet  is  increased 
up  to  about  500  Sherman-Munsell  units  per  100  g.  of  feed.  Dark-colored 
yolks  are  richer  in  carotene  and  xanthophyll  than  light-colored  yolks, 
and  recent  Russian  research  work  has  indicated  that  the  darker  the  yolk 
color  of  eggs  the  better  the  hatchability. 

Chicks  hatched  from  eggs  laid  by  birds  receiving  inadequate  amounts 
of  vitamin  B  are  likely  to  exhibit  symptoms  characteristic  of  polyneuritis. 

Vitamin  D  in  sufficient  quantities  must  be  fed  the  breeding  stock,  or 
the  hatchability  of  eggs  will  suffer.  The  vitamin  must  be  supplied 
through  the  feed  or  its  precursor,  or  the  breeding  stock  must  be  exposed 
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to  direct  sunlight  or  to  ultraviolet  radiation.  The  blood  calcium  of 
hens  receiving  insufficient  amounts  of  vitamin  D  falls  below  the  normal 
level,  and  the  eggs  produced  are  inclined  to  be  small,  the  relative  shell 
weight  and  ash  content  of  the  shell  are  reduced,  and  hatchability  is 
decreased. 

The  results  secured  that  gave  rise  to  these  findings  are  given  in  the 
table,  on  page  282,  the  work  having  been  done  at  the  Pennsylvania 
Agricultural  Experiment  Station.  The  data  show  that  the  diets  ranging 
from  58  to  116  U.S.P.  units  of  vitamin  D  per  100  g.  of  feed  gave  the  best 


Fig.  134. — Chick  suffering  severely  from  a  lack  of  vitamin  B.  ( Norris ,  1937.) 


results  in  hatchability  for  hens  in  confinement.  The  data  also  show  that 
birds  on  range  without  additional  supplies  of  vitamin  D  in  their  diet 
produced  eggs  that  hatched  somewhat  better  than  the  confined  birds  that- 
received  up  to  155  U.S.P.  units  of  vitamin  D  per  100  g.  of  feed. 

Work  carried  on  at  the  Washington  Agricultural  Experiment  Station 
led  to  the  conclusion  that  breeding  stock  in  strict  confinement  without 
access  to  sunlight  required  135  U.S.P.  units  of  vitamin  D  per  100  g.  of 
feed.  From  Dec.  10  to  Mar.  4  with  pullets  having  access  to  sunlight  it 
was  found  necessary  to  supplement  the  diet  with  34  U.S.P.  units  of 
vitamin  D  to  secure  best  results  in  hatchability.  For  the  rest  of  the 
year  it  was  not  necessary  to  supplement  the  diet  of  these  unconfined  birds 
with  vitamin  D. 

A  deficiency  of  vitamin  D  in  the  diet  of  the  breeding  stock  prevents 
the  embryos  in  the  incubated  eggs  from  securing  adequate  amounts  of 
calcium  and  phosphorus,  as  demonstrated  by  the  results  secured  at  the 
Kentucky  Agricultural  Experiment  Station.  On  the  other  hand,  exces¬ 
sive  amounts  of  vitamin  D  tend  to  depress  hatchability,  according  to 
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results  secured  at  the  Ontario  Agricultural  College  and  the  National 
Agricultural  Research  Center. 

The  results  secured  from  experiments  conducted  at  the  Illinois  Agri¬ 
cultural  Experiment  Station  and  the  National  Agricultural  Research 
Center  have  shown  that  vitamin  E  is  essential  in  the  diet  of  breeding  stock 
for  successful  reproduction. 

According  to  the  results  secured  at  Cornell  University  the  riboflavin 
requirements  for  satisfactory  hatchability  amount  to  230  units  per  100 
gm.  of  feed. 


Table  38. — Hatchability  and  Other  Characteristics  in  Relation  to  the 
Vitamin  D  Content  of  the  Breeding-stock  Diet 
(Murphy,  Hunter,  and  Knandel,  1936) 


Character 

Year 

U.S.P.  units  of  vitamin  D  fee 
g.  of  feed 

Birds  in  confinement 

1  per  100 

Birds  on 
range 

19 

39 

58 

78 

116 

155 

0 

39 

Average  weight  of  eggs, 

1932  to  1933 

50.9 

51.7 

52.7 

52.3 

52.7 

52.3 

53.1 

52.9 

grams. 

1934  to  1935 

43.1 

46.2 

48.4 

49.8 

50.7 

50.5 

51.2 

51.0 

Average  blood-serum  cal- 

1932  to  1933 

21.4 

24.3 

24.7 

25.5 

26.0 

25.2 

26.6 

25.5 

cium  of  laying  hens.  Cal- 

1934  to  1935 

21.2 

21.9 

23.3 

24.5 

26.2 

25.6 

27.3 

28.2 

cium,  milligrams  per  100 

cc.  blood  serum. 

Average  shell  weight  of  total 

1932  to  1933 

7.0 

8.7 

8.9 

8.8 

9.0 

9.2 

9.1 

9.0 

egg  weight,  per  cent. 

1934  to  1935 

6.1 

7.3 

8.1 

8.5 

8.9 

8.8 

9.1 

9.2 

Average  ash  content  of  egg 

1932  to  1933 

52.4 

53.0 

53.3 

53.2 

53.2 

53.2 

53.2 

53.1 

shell,  per  cent. 

1934  to  1935 

51.7 

52.6 

53.0 

53.2 

53.4 

53.5 

53.4 

53.3 

Average  hatch  of  fertile  eggs, 

1932  to  1933 

44.5 

74.6 

84.5 

84.9 

88.1 

87.8 

91.0 

83.3 

per  cent. 

1934  to  1935 

11.1 

37.8 

77.4 

77.7 

79.6 

74.2 

86.5 

77.1 

Summary  Statement  on  Nutrient  Requirements. — In  the  previous 
pages  the  minimum  requirements  of  the  various  nutrients  have  been 
given  in  so  far  as  they  have  been  determined  at  the  state  experiment 
stations  and  other  institutions.  Much  more  research  is  needed  in  order 
to  determine  the  optimum  amounts  of  each  of  the  nutrients  required 
for  different  purposes.  In  fact,  more  research  would  be  in  order  for  the 
purpose  of  determining  more  definitely  the  minimum  requirements  of 
several  of  the  nutrients.  This  is  particularly  true  with  respect  to  the 
various  vitamins,  research  pertaining  to  which  may  be  said  to  be  in  the 
embryo  stage  of  development. 

Although  the  optimum  requirements  of  the  various  nutrients  for 
different  purposes  have  not  been  definitely  determined,  perhaps  the 
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following  table  will  serve  as  a  general  summarization  of  the  approximate 
needs  of  the  different  classes  of  chickens  for  a  number  of  the  more  impor¬ 
tant  nutrients.  The  reader  should  realize,  however,  that  the  figures  in 
this  table  are  subject  to  modification  as  the  result  of  much  more  intensive 
research. 


Table  39. — Probable  Requirements  of  Several  Nutrients  by  Different 

Classes  of  Chickens 
(Titus,  1937) 


Class  of  chicken 

Pro¬ 
tein, 
per  cent 
of  total 
feed 

P, 

per  cent 
of  total 
feed 

Ca, 

per  cent 
of  total 
feed 

A,  Int. 
units 

per 
100  g. 

of  feed 

B,  Int. 
units 

per 
100  g. 

of  feed 

D,  A.O. 
A.C. 
units 

per 
100  g. 

of  feed1 

Ribo¬ 

flavin, 

Cornell 

units 

per 

100  g. 

of  feed 

Growing  stock . 

21 

0.7 

1.1 

320 

40 

40 

350 

Laying  stock . 

18 

1.0 

2.4 

700 

40 

80 

145 

Female  breeding  stock .  . . 

18 

1.0 

2.4 

1040 

40 

120 

265 

Male  breeding  stock . 

13 

0.4 

0.5 

160 

40 

16 

110 

1  An  A.O.A.C.  of  vitamin  D  is  equivalent  to  an  International  or  U.S.P.  unit,  if  obtained  from 
cod-liver  oil. 


The  data  in  this  table  serve  the  purpose,  at  least,  of  giving  a  general 
picture  of  the  relative  needs,  for  a  number  of  the  nutrients,  of  chickens 
used  for  different  purposes. 

A  list  of  selected  literature  references  will  be  found  at  the  end  of  the 
next  chapter. 


CHAPTER  IX 


FEEDING  PRACTICE 

The  various  nutrients  that  have  been  found  to  be  essential  in  the 
nutrition  of  poultry  are  widely  distributed  in  the  plant  and  animal  king¬ 
doms.  Although  many  plant  and  animal  products  used  in  feeding  poul¬ 
try  each  contain  many  of  the  essential  nutrients,  the  proportion  in  which 
these  nutrients  occur  often  varies  widely,  especially  as  between  plant  and 
animal  products.  Moreover,  plants  and  cereal  grains  differ  among  them¬ 
selves  with  respect  to  their  chemical  composition,  and  animal  products 
often  differ  very  widely  in  chemical  composition  depending  upon  their 
origin  and  method  of  being  processed  for  feeding  purposes. 

DIFFERENT  FEEDS  CONTAIN  QUANTITATIVELY  AND  QUALITATIVELY 

DIFFERENT  NUTRIENTS 

In  the  feeding  of  poultry,  a  feed  is  usually  used  as  the  chief  source 
of  a  certain  nutrient,  although  it  may  also  contain  other  nutrients  in 
considerable  proportion.  In  the  preparation  of  poultry  diets  for  any 
particular  purpose  the  chief  sources  of  the  essential  nutrients  should 
always  be  kept  in  mind.  The  approximate  composition  of  numerous 
feeds  used  in  preparing  diets  for  poultry  is  given  here  largely  for  the 
purpose  of  acquainting  the  reader  with  the  similarity  of  composition  of 
many  feeds  as  well  as  indicating  the  outstanding  differences  in  composition 
among  some  of  the  feeds.  It  should  be  borne  in  mind,  of  course,  that 
feeding  tests  are  necessary  to  determine  the  nutritive  value  of  any  par¬ 
ticular  feed  or  mixture  of  feeds.  The  chemical  composition  of  a  feed 
does  not  indicate  the  extent  to  which  the  different  nutrients  are  utilized 
by  the  fowl. 

Sources  of  Water. — The  cereal  grains  that  make  up  the  largest  share 
of  the  poultry  diet  contain  on  the  average  from  about  8  to  about  12  per 
cent  of  their  air-dry  weight  in  the  form  of  water  and,  therefore,  do  not 
supply  nearly  enough  water  in  proportion  to  the  needs  for  growth,  main¬ 
tenance,  fattening,  or  egg  production. 

Additional  water  must  be  supplied,  and  this  is  usually  accomplished 
by  making  available  liberal  quantities  of  well,  spring,  river,  or  rain  water. 
Deep-well  water  is  invariably  harder  than  rain  water  and,  within  the  same 
geological  formations,  is  also  harder  than  lake  or  river  water.  Water 
containing  alkalies  is  apt  to  be  more  harmful  than  water  containing 
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Table  40. — Average  Composition  of  Poultry  Feeds 


Feed 


Grains  and  seeds: 

Barley . 

Barley  meal . 

Bread . 

Brewers’  grain  (dried) . 

Broomcorn . 

Buckwheat . 

Buckwheat  middlings . 

Coconut  meal  (O.  P.) . 

Corn . 

Corn  bran . 

Ground-ear  corn . 

Corn-gluten  feed . 

Corn-gluten  meal . 

Cornmeal  or  chops . 

Cottonseed  meal  (prime) . 

Cowpeas . 

Durra . . 

Feterita . 

Field  peas . 

Flaxseed . 

Flour  middlings . 

“  Red  Dog  ”  flour . 

Garden  peas . 

Hempseed . 

Hominy  feed . 

Kafir . 

Linseed  meal  (O.  P.) . 

Malt  sprouts . 

Millet . 

Milo . 

Navy  beans . 

Oats  or  ground  oats . 

Peanuts  (hulls  on) . 

Peanut  kernels . 

Peanut  meal  (no  hulls) . 

Rice  (polished) . 

Rye . 

Rye  feed . 

Soybeans . 

Soybean  meal . 

Shallu . 

Sunflower  seed . 

Velvet  beans . 

Wheat . 

Wheat  bran  . 

Wheat  flour . 

Wheat  middlings  (shorts) . 

Wheat  screenings . 

Feeds  of  animal  origin: 

Blood  meal . 

Bone  meal . 

Bone  meal  (steamed) . 

Buttermilk . 

Buttermilk,  condensed . 

Buttermilk,  dried . 

Fish  meal . 

Fresh  bone . 

Meat  scrap  (50  to  55  per  cent  protein) . 

Pork  cracklings . 

Skim  milk . 

Skim,  milk,  dried . 

Tankage . . 

(  Whey . 

Green  feeds,  etc.: 

Alfalfa  (green) . 

Alfalfa-leaf  meal . 

Alfalfa  meal  or  alfalfa  hay  (dried) . 

Beet  pulp  (dried) . 

Cabbage . 

Cane  molasses . 

Carrots . 

Kale . 

Mangels . 

Potatoes . 

Rape . 

Red-clover  hay  (dried) . 

Rutabagas . 

Turnips . 


Carbohydrates 


Mois¬ 
ture, 
per  cent 


9.6 

9.6 

33.8 
6.8 

11.8 
12.6 
12.0 

7.3 

12.9 

10.3 

15.6 
9.2 
9.0 

12.9 

6.9 

9.8 

9.9 
11.1 

9.2 

9.2 

10.7 
10.1 

11.8 
8.0 

8.3 

9.4 

8.9 

7.8 
10.8 

10.7 

13.4 

7.7 
6.0 

5.5 
6.2 

12.3 

9.5 
10.2 

6.4 
6.1 

9.7 

6.9 

9.8 

10.6 

9.6 

12.3 
10.1 
10.2 

9.7 

7.2 

4.1 
91.0 

71.5 

4.5 

6.6 

30.4 

7.1 
5.0 

90.6 

4.7 

7.6 

93.8 

72.9 

5.6 

8.3 

8.4 

91.1 

24.5 

88.6 

88.7 

91.2 

78.9 

85.7 

12.9 
88.6 
90.6 


Ash, 
per  cent 


2.9 

2.9 

1.5 

3.6 
2.9 
2.0 

4.8 
5.5 

1.3 

2.4 

1.5 

3.6 
1.3 

1.3 

5.9 

3.6 
2.0 

1.5 

3.4 

4.3 

3.7 

2.9 
3.0 
2.0 

2.9 

1.6 

5.4 

5.7 
3.6 

2.8 
3.6 

3.5 
2.8 

2.3 

4.9 
0.5 

1.9 
4.0 

4.8 

5.6 

1.6 
3.1 

3.1 

1.8 

5.9 
0.5 

3.5 

3.9 

3.3 
61.5 
70.0 

0.7 

3.3 

8.1 
21.0 
21.1 
21.1 

2.3 
0.7 

7.3 
22.2 

0.4 

2.6 
14.2 

8.9 
3.5 
0.8 
6.8 
1.0 

1.9 
1.0 
1.0 
2.0 

6.9 
1.2 
0.8 


Protein, 
per  cent 


12.8 

12.8 

7.9 

26.9 
10.2 
10.0 

28.3 

21.3 

9.3 

9.9 

8.3 

25.1 

40.9 

9.3 

38.8 

23.8 

10.1 

12.5 

22.9 

22.6 

17.8 

17.2 

25.6 
10.0 

10.9 
11.1 

34.5 

25.9 
12.1 

10.7 

22.7 

12.5 

24.7 

30.2 

49.3 

7.4 
11.1 

15.6 

39.1 

47.1 

12.5 

16.1 
26.2 

12.3 
16.2 

10.9 

16.3 

13.3 

82.3 

23.1 

4.9 
3.0 

11.5 

34.6 

56.1 

19.7 

53.9 

56.4 

3.2 
37.0 

53.7 

.6 

4.7 

20.5 
16.0 

9.3 
2.2 

3.1 

1.1 

2.4 

1.4 

2.1 

2.4 

13.6 
1.2 
1.3 


Fiber, 
per  cent 


5.5 

5.5 
0.7 

14.3 
8.2 

8.7 

4.8 
9.4 

1.9 

10.4 
6.8 
7.3 

3.2 
1.9 

12.2 

4.3 
1.7 
1.7 

5.6 

7.1 

4.7 

3.1 

4.4 
14.0 

4.6 

2.1 

7.7 

12.4 

8.4 

2.4 

5.8 
11.2 
18.0 

2.8 

6.3 
0.4 
2.1 

4.3 

5.2 

5.7 

1.7 
27.9 

6.0 

2.4 

8.5 
0.4 

4.3 

7.4 


3.3 


0.7 

2.2 


'i'.8 


8.0 

15.2 

27.1 
18.7 

0.9 

K3 

1.5 

0.8 

0.6 

2.2 

24.1 
1.3 
1.2 


Nitro¬ 
gen-free 
extract,* 
per  cent 


66.9 

66.9 

55.4 

41.4 

63.5 

64.5 

42.7 

46.5 

70.3 

59.7 

64.4 

51.9 

44.5 

70.3 

29.4 

57.1 

72.8 

70.1 

57.8 

23.2 

58.1 

61.9 

53.6 
45.0 

65.5 

72.6 

36.7 

46.9 
16.0 

70.5 
53.0 

60.7 

15.4 

11.6 

22.5 
79.0 

73.7 

62.7 

25.8 
27.7 

71.1 

21.3 

50.1 

71.1 

55.6 

74.6 

61.6 

61.1 

3.8 


4.8 
10.4 

48.3 
2.6 

3.8 
5.0 

4.1 

5.2 
50.0 

3.8 

5.1 

11.0 

41.1 

37.1 

59.3 
4.7 

66.1 
7.6 
5.0 

5.4 

16.3 

7.1 
39.1 

7.5 

5.9 


Fat, 

per  cent 


2.3 

2.3 
0.7 
7.0 

3.4 
2.2 

7.4 
10.0 

4.3 

7.3 

3.4 
2.9 
1.1 

4.3 
6.8 

1.4 

3.5 

3.1 

1.1 

33.7 
5.0 
4.8 

1.6 

21.0 

7.7 

3.2 

6.8 

1.3 

4.1 
2.9 
1.5 

4.4 

33.1 

47.6 

10.8 
0.4 

1.7 

3.2 

18.7 

7.8 

3.4 

24.7 

4.8 

1.8 

4.2 
1.8 

4.2 

4.1 

0.9 

4.9 

0.5 

0.5 

3.3 

4.5 
10.5 
25.0 

10.7 

32.2 
0.3 
1.0 

10.9 

0.1 

0.8 

3.2 

2.6 
0.8 
0.3 

0.4 

0.5 

0.2 

0.1 

0.6 

3.4 
0.2 
0.2 


*  The  nitrogen-free  extract  is  regarded  as  the  digestible  carbohydrate  portion  of  a  feed. 


286 


POULTRY  HUSBANDRY 


neutral  salts.  Water  containing  excessive  amounts  of  such  minerals  as 
fluorine  and  selenium  is  toxic  in  its  effect. 

Sources  of  Carbohydrates. — The  cereal  grains  constitute  the  chief 
source  of  carbohydrates  in  poultry  diets,  although  proteins,  fats,  and 
minerals  are  also  present.  Being  relatively  rich  in  carbohydrates,  the 
cereal  grains  constitute  the  chief  source  of  energy  in  the  diet.  The  vari¬ 
ous  whole  grains  most  commonly  used  in  poultry  feeding  have  approxi¬ 
mately  equal  feeding  value  when  compared  pound  for  pound  on  a  fiber-free 
basis.  One  outstanding  exception  with  respect  to  their  relative  feeding 
value  is  the  vitamin  A  potency  of  yellow  corn.  As  sources  of  carbohy¬ 
drates,  however,  barley,  corn,  oats,  and  wheat  are  quite  comparable  from 
the  standpoint  of  feeding  value,  although  other  properties  these  grains 
possess  sometimes  determine  the  extent  to  which  each  should  be  used  in 
the  diet. 

Barley. — This  cereal  is  an  excellent  feed  for  poultry,  though  not  quite 
so  palatable  as  corn  or  wheat.  Moreover,  heavy-weight  barley  is  more 
palatable  than  light-weight  barley.  It  contains  more  digestible  organic 
matter  than  oats  but  not  so  much  as  corn.  Scabbed  barley  has  been 
found  as  satisfactory  for  poultry-feeding  purposes  as  normal  barley. 

Barley  meal  is  sometimes  used  in  fattening  poultry,  in  which  case 
heavy-weight  grain  should  be  used,  and  it  should  be  ground  evenly,  or  the 
hulls  may  cause  trouble  in  the  chicken’s  crop. 

Buckwheat. — Because  of  its  high  fiber  content,  color,  and  relative 
unpalatability,  buckwheat  is  rarely  used  in  feeding  poultry  except  some¬ 
times  in  the  form  of  buckwheat  middlings  for  fattening. 

Corn. — Since  it  is  the  most  abundant  grain  produced  in  the  country, 
and  since  it  is  very  palatable  and  readily  digested,  corn  is  one  of  the  most 
valuable  sources  of  carbohydrates.  Yellow  corn  contains  xanthophyll 
and  supplies  vitamin  A  and  is  therefore  superior  as  a  feed  to  white 
corn. 

Cornmeal  (ground  whole  corn)  has  the  same  feeding  value  as  the  whole 
grain  and  is  used  extensively  in  fattening  diets  as  well  as  for  growing 
chicks  and  laying  hens. 

Corn  hominy  is  made  up  of  the  hull,  germ,  and  part  of  the  starch  cells 
and  is  a  good  poultry  feed. 

Emmer—  This  grain  may  be  used  to  replace  a  small  portion  of  corn 
in  the  diet,  depending  upon  the  price  of  each. 

Feterita. — This  is  another  grain  sorghum  which  may  be  substituted 
for  a  limited  portion  of  yellow  corn,  especially  where  the  latter  is  difficult 
ta  secure. 

Hegari. — Another  grain  sorghum  which  may  be  used  to  replace  yellow 
corn  in  diets  that  are  otherwise  properly  balanced. 
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Kafir. — This  grain  sorghum  is  grown  extensively  in  certain  sections 
of  the  country  and  is  frequently  substituted  for  yellow  corn  with  satis¬ 
factory  results. 

Millet. — This  grain  can  also  be  used  to  a  limited  extent  as  a  substitute 
for  yellow  corn,  provided  the  diet  contains  the  proper  minerals. 

Milo. — Although  milo  is  not  so  palatable  as  kafir,  it  can  be  used  as  a 
substitute  for  approximately  50  per  cent  of  the  yellow  corn  in  a  well- 
balanced  diet. 

Oats. — Whole  oats  are  relatively  higher  in  fiber  content  than  corn, 
wheat,  and  barley  but  can  be  used  in  diets  that  are  otherwise  low  in  fiber 
content.  Oats  of  poor  quality  should  never  be  used. 

Finely  ground  oats  are  sometimes  used  in  mashes,  especially  for  fatten¬ 
ing  purposes. 

Rice. — Because  of  its  relatively  high  carbohydrate  content  and  high 
digestibility,  rice  is  a  satisfactory  feed  for  poultry,  and  in  addition  it  has 
a  regulating  effect  on  the  bowels.  Its  use  in  poultry  diet  is  limited, 
however,  because  it  is  in  such  demand  by  human  beings. 

Rye. — Although  comparing  favorably  with  wheat  in  composition,  rye 
is  not  a  palatable  feed  and,  if  fed  in  considerable  quantities,  sometimes 
causes  digestive  disorders.  The  droppings  often  contain  a  pasty  material 
so  that  the  feces  tend  to  cling  to  the  chickens’  feet. 

Wheat. — This  cereal  is  extensively  grown  and  is  widely  used  as  a 
source  of  carbohydrates  because  of  its  palatability  and  ease  of  digesti¬ 
bility.  Soft  wheats  are  as  valuable  for  poultry  feeding  purposes  as  hard 
wheats.  Shrunken  wheat,  provided  it  is  not  so  badly  shrunken  as  to 
affect  its  palatability,  can  often  be  used  to  good  advantage  because  much 
of  it  is  not  suitable  for  milling  purposes. 

Wheat  bran  consists  of  the  outer  layer  of  the  wheat  kernel  and  is  used 
extensively  in  adding  bulk  to  the  diet.  It  also  has  laxative  properties 
but  is  low  in  the  digestibility  of  its  organic  matter.  Because  of  its  com¬ 
paratively  low  feeding  value,  too  much  bran  should  not  be  used. 

Wheat  middlings  contain  a  higher  percentage  of  carbohydrates  and 
fats  and  less  fiber  than  wheat  bran.  As  turned  out  from  the  mills, 
different  lots  of  wheat  middlings  may  vary  widely  in  their  feeding 
value. 

Wheat  screenings  are  low  grades  of  wheat  frequently  mixed  with 
foreign  materials,  particularly  weed  seeds.  They  are  usually  of  question¬ 
able  value  unless  of  very  high  quality,  i.e.,  free  from  impurities  and  weed 
seeds  having  toxic  properties. 

Wheat  shorts  are  very  similar  to  wheat  middlings.  Shorts  comprise 
the  outer  portions  of  the  wheat  kernel,  except  the  outer  layer  which  goes 
to  make  bran. 
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Miscellaneous  Carbohydrate  Feeds. — Other  feeds  relatively  rich  in 
carbohydrates  include  potatoes ,  molasses,  dried  skim  milk,  dried  buttermilk , 
and  some  of  the  “green  feeds.” 

Cheap  potatoes  may  be  used  to  some  extent  as  a  supplement  to  the 
mash  ration  in  feeding  laying  hens  and  in  fattening  chickens  for  market. 
Some  work  has  been  done  to  determine  the  value  of  molasses  in  feeding 
poultry,  but  its  place  in  the  feeding  of  chickens  has  not  been  well  estab¬ 
lished,  although  it  is  a  good  source  of  one  of  the  vitamins.  While  it  is 
true  that  dried  skim  milk  and  dried  buttermilk,  as  well  as  some  of  the  green 
feeds,  contain  considerable  amounts  of  carbohydrates,  these  feeds  are 
fed  to  chickens  primarily  for  other  purposes,  and  a  discussion  of  the 
particular  purpose  they  serve  is  given  in  appropriate  sections. 

Sources  of  Vegetable-protein  Supplements. — The  most  prominent 
component  of  the  body  of  the  fowl,  aside  from  water,  is  protein.  It  is  the 
basis  of  muscular  and  glandular  tissue.  Moreover,  the  egg  contains  a 
higher  percentage  of  protein  than  the  majority  of  the  cereal  grains.  Then 
again,  the  fact  should  be  kept  in  mind  that  a  portion  of  the  protein  of  the 
cereal  grains  remains  undigested  when  fed  to  chickens. 

Zein  is  the  protein  of  corn,  but  zein  is  deficient  in  two  essential  amino 
acids,  lysine  and  -  tryptophane.  It  is  obvious,  therefore,  that  corn  is 
lacking  in  the  quality  of  its  protein  and  is  also  deficient  in  quantity.  This 
is  true  of  most  other  cereals. 

Table  41. — Per  Cent  of  Total  Nitrogen  in  the  Form  of  Amino  Acids  in  Various 

Proteins 

(Mitchell  and  Hamilton,  1929) 


Per  cent  of  total  nitrogen 


Source  of  protein 

Arginine 

Cystine 

Histidine 

Lysine 

Trypto¬ 

phane 

Zein  (corn) . 

3.6 

0.5  to  0.6 

1 . 3  to  2 . 1 

0.1 

0.0  to  0.14 

Gliadin  (wheat) . 

4.7 

1.6 

4.3 

1.6 

0.6  to  0.8 

Avenalin  (oat) . 

15.0 

1.0 

8.3 

3.5 

0.9 

Hordein  (barley) . 

5.4 

1.0 

1 . 6  to  3 . 6 

1.0 

0 . 6  to  0 . 8 

Casein  (milk) . 

7.4 

0.2 

6.2 

10.3 

1.9 

Myosin  from  muscle  (hen) . 

17.3 

1.6 

6.7 

9.0 

Myogen  from  muscle  (hen) . 

18.1 

1.2 

6.6 

10.1 

Yolk  (hen  egg) . 

14.5 

3.1 

9.4 

1.1  to  1.5 

White  (hen  egg) . 

11.7 

0 . 2  to  4 . 0 

10.1 

1 . 1  to  1 . 2 

It  is  easy  to  understand,  therefore,  that  protein  is  not  only  one  of 
the  most  important  of  all  of  the  requirements  in  the  feeding  of  poultry  but 
also  that  the  source  of  the  proteins  is  an  important  matter.  Moreover, 
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the  proteins  of  practically  all  cereals  require  to  be  supplemented  by  other 
feeds  relatively  rich  in  protein  containing  the  right  kind  of  amino  acids. 

Brewers’  dried  grains  contain  an  average  of  about  25  per  cent  protein 
but  because  of  their  relatively  high  fiber  content  are  of  limited  value  in  the 
poultry  diet. 

Coconut  meal  is  a  by-product  in  the  manufacture  of  coconut  oil  and 
is  relatively  rich  in  protein,  though  practically  no  work  has  been  done  to 
determine  its  value  as  a  poultry  feed. 

Corn-gluten  feed  is  a  by-product  in  the  manufacture  of  glucose  and 
cornstarch.  The  kernels  of  corn  are  soaked  and  separated  into  hull, 
germ,  starch,  and  gluten;  and  the  gluten  is  then  dried.  The  hull  and 
gluten  are  mixed  while  still  wet;  and  the  mixture  is  then  dried,  ground, 
and  sold  as  corn-gluten  feed. 

Corn-gluten  meal  consists  chiefly  of  the  corn  gluten  separated  in  the 
wet-milling  process  of  starch  manufacture  with  few  if  any  hull  fragments. 

Cottonseed  Meal. — Cottonseed  meal  is  a  by-product  of  the  cotton 
industry  and  is  relatively  rich  in  protein.  It  may  be  used  up  to  about 
6  per  cent  of  the  diet,  but  beyond  that  there  is  a  tendency  for  the  yolks 
of  eggs  laid  by  hens  fed  cottonseed  meal  to  be  discolored,  especially  after 
the  eggs  have  been  in  storage  for  a  few  months.  The  discoloration  of  the 
yolks  appears  to  be  due  to  the  free  or  bound  gossypol  contained  in  cotton¬ 
seed  meal. 

Cowpeas  are  not  only  rich  in  protein  but  contain  some  of  the  essential 
amino  acids  lacking  in  the  cereal  grains.  However,  they  are  not  very 
palatable  and  are  used  to  a  limited  extent  only. 

Distillers’  corn-dried  grains  usually  contain  about  30  per  cent  protein, 
are  relatively  rich  in  fat,  but  are  rather  bulky  to  be  used  extensively  in  the 
poultry  diet. 

Linseed-oil  meal  is  obtained  from  flaxseed  after  the  extraction  of  the 
linseed  oil.  “ Old-process”  linseed-oil  meal,  designated  “0.  P.,”  is  the 
residue  of  the  flaxseed  left  when  the  oil  has  been  expressed  by  hydraulic 
pressure.  “ New-process”  linseed-oil  meal,  designated  “N.  P.,”  is  the 
residue  left  after  the  oil  has  been  dissolved  out  of  the  crushed  and  heated 
flaxseed  by  the  use  of  naphtha.  The  new  process  meal,  therefore,  contains 
less  fat  than  the  old  process  meal,  though  both  are  relatively  rich  in 
protein. 

Peanut  meal  is  a  by-product  in  the  manufacture  of  peanut  oil.  It 
may  be  used  to  a  limited  extent  as  a  protein  supplement  for  egg  produc¬ 
tion  or  growth  when  proper  minerals  are  fed  in  addition. 

Soybean-oil  meal  is  obtained  from  the  manufacture  of  soybean  oil  and 
is  relatively  rich  in  proteins.  Soybean-oil  meal  supplemented  with 
minerals  can  apparently  be  used  in  diets  for  growing  chicks  when  it 
provides  not  more  than  75  per  cent  of  the  protein  supplements. 
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Soybeans  have  not  been  used  extensively  in  poultry  feeding,  although 
certain  varieties  have  been  shown  to  contain  proteins  suitable  for  produc¬ 
ing  good-quality  hatching  eggs. 

Sources  of  Animal-protein  Supplements. — Inasmuch  as  all  proteins 
of  plant  origin  are  more  or  less  comparable  with  respect  to  their  amino- 
acid  content,  it  is  clear  that  the  vegetable-protein  supplements  cannot  be 
expected  to  provide  for  all  of  the  amino-acid  deficiencies  occurring  in  the 
proteins  of  the  cereal  grains.  Protein  supplements  of  animal  origin,  in 
many  cases,  supply  the  amino-acid  deficiencies  existing  in  proteins  of 
plant  origin.  A  diet  containing  proteins  of  animal  origin  is  more  likely 
to  be  properly  balanced  from  the  standpoint  of  its  amino-acid  content 
than  one  made  up  entirely  of  proteins  of  plant  origin. 

Blood ,  either  fresh  or  dried,  is  not  used  extensively  in  feeding  poultry. 
Fresh  blood  is  sometimes  used  in  wet  mashes.  Dried  blood  does  not 
seem  to  be  palatable  and  apparently  should  be  used  to  a  limited  extent 
only,  if  at  all. 

Crab-scrap  meal  is  used  to  a  limited  extent  only  in  the  feeding  of  poul¬ 
try,  apparently  partly  because  it  is  not  so  high  in  protein  content  as  many 
other  animal  protein  supplements  and  also  because  it  has  been  found  that 
the  proteins  are  not  so  readily  utilized. 

Cracklings  usually  have  a  high  fat  content,  and  in  many  cases  the 
protein  is  apt  to  be  low  in  quality. 

Fish  meal  and  Fish  scrap  are  by-products  of  the  fishing  industry. 
White  fish  meal  is  produced  principally  from  the  waste  of  edible  fish  such 
as  the  cod,  halibut,  and  haddock  or  from  the  whole  fish.  Oily  fish  meal 
is  produced  usually  from  the  whole  body  of  the  herring,  menhaden, 
pilchard,  sardines,  and  mackerel.  Also,  salmon  meal  is  made  from  the 
offal  of  the  salmon.  Fish  scraps,  on  the  other  hand,  usually  contain  a 
larger  percentage  of  the  heads,  tails,  and  scales  of  fish  than  fish  meal  and 
are  of  doubtful  value  in  the  feeding  of  poultry.  Vacuum-dried  white  fish 
meals  have  been  found  to  be  superior  to  flame-dried  meals.  Commercial 
brands  of  fish  meal  must  not  contain  over  7  per  cent  common  salt 
(NaCl). 

Insects. — Fowls  on  range  usually  have  access  to  large  numbers  of 
insects,  which  have  a  high  protein  content. 

Liver  Meal. — Not  only  are  liver  meals  high  in  protein  content,  but 
they  also  contain  certain  vitamins  that  are  of  value  in  promoting  growth 
and  obtaining  high  hatchability. 

Meat  meal  is  of  high  feeding  value  as  a  protein  supplement  but  is 
nqt  so  readily  available  as  meat  scraps. 

Meat  and  Bone  Meal. — This  by-product  of  the  packing-house  industry 
is  made  by  tanking  under  live  steam  or  by  dry  rendering  or  by  both 
processes  the  residue  of  animal  tissues  exclusive  of  horn,  hoof,  manure,  and 
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stomach  contents,  except  portions  unavoidably  included.  It  contains 
more  than  10  per  cent  of  phosphoric  acid. 

Meat  Scraps. — This  product  is  used  extensively  in  poultry  diets  as 
a  protein  supplement  and  consists  of  the  dry-rendered  residue  from  animal 
tissues  exclusive  of  horn,  hoof,  manure,  and  stomach  contents,  except 
portions  unavoidably  included.  Meat  scraps  must  not  contain  over  10 
per  cent  phosphoric  acid,  and  most  brands  are  guaranteed  to  contain  not 
less  than  50  per  cent  protein. 

Milk  Products. — The  principal  milk  products  used  in  poultry  feeding 
include  liquid  skim  milk ,  dried  skim  milk,  condensed  buttermilk,  dried 
buttermilk,  and  dried  whey.  One  pound  of  dried  milk  is  equivalent  to 
approximately  3  lb.  of  condensed  milk,  and  1  lb.  of  condensed  milk  is 
equivalent  to  approximately  3  lb.  of  liquid  milk.  The  various  milk 
products  contain  proteins  that  are  easily  digested  and  are  of  considerable 
value. 

Shrimp  Meal. — This  marine  product  is  prepared  from  the  undecom¬ 
posed  dried  waste  of  the  shrimp  industry  and  usually  the  whole  shrimp 
or  the  heads  and  offal.  The  salt  content  in  the  form  of  common  salt 
(NaCl)  must  not  exceed  7  per  cent. 

Tankage. — Usually  under  the  name  of  digester  tankage,  feeding  tank¬ 
age,  or  meat  meal  tankage,  this  product  is  prepared  from  the  residue  of 
animal  tissues,  except  for  horn,  hoof,  manure,  and  stomach  contents  in  so 
far  as  they  can  be  excluded,  by  tanking  under  live  steam  or  by  dry  render¬ 
ing.  It  must  not  contain  more  than  10  per  cent  phosphoric  acid.  If  the 
product  contains  more  bone  than  the  amount  equivalent  of  22  per  cent 
tricalcium  phosphate,  it  must  have  the  name  “Bone”  included  in  the 
brand  name. 

Sources  of  Mineral  Supplements. — Most  of  the  cereal  grains,  vege¬ 
table  protein  supplements,  and  some  of  the  animal  protein  supplements 
are  deficient  in  one  or  more  of  the  essential  mineral  nutrients.  The 
table  on  page  292  gives  the  distribution  of  some  of  the  more  important 
minerals  contained  in  various  poultry  feeds. 

The  deficiency  of  certain  minerals  in  cereal  grains  and  grain  products 
is  rather  easily  provided  for  by  feeding  animal-protein  supplements  and 
comparatively  simple  mineral  mixtures.  Calcium,  phosphorus,  sodium, 
and  chlorine  are  the  minerals  most  apt  to  be  deficient  in  the  cereal  grains 
and  grain  products  used  to  make  up  the  poultry  diet.  On  the  other  hand, 
when  animal-protein  supplements  are  used,  there  is  little  need  for  addi¬ 
tional  supplies  of  calcium  or  phosphorus,  except  that  laying  hens  require 
an  adequate  supply  of  calcium. 

Alfalfa. — The  chief  value  of  alfalfa  meal  or  alfalfa-leaf  meal  from  the 
standpoint  of  serving  as  mineral  supplements  is  with  respect  to  their 
content  of  calcium. 
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Bone  Meal,  Steamed  and  Special  Steamed. — These  bone-meal  products 
are  relatively  high  in  the  content  of  calcium  carbonate  and  calcium  phos¬ 
phate,  the  former  being  used  in  the  formation  of  eggshell,  and  the  latter 
in  the  formation  of  bone. 


Table  42. — Per  Cent  of  Some  Important  Minerals  in  the  Dry  Matter  of 

Poultry  Feeds 
(Mitchell  and  McClure,  1937) 


Feed 

Ca 

P 

Na 

Cl 

Mg 

K 

Barley . 

0 

075 

0 

414 

0 

082 

0 

173 

0 

120 

0 

387 

Corn . 

0 

013 

0 

295 

0 

021 

0 

044 

0 

129 

0 

368 

Oats . 

0 

112 

0 

434 

0 

184 

0 

077 

0 

130 

0 

460 

Wheat . 

0 

056 

0 

425 

0 

035 

0 

095 

0 

142 

0 

590 

Wheat  bran . 

0 

105 

1 

260 

0 

043 

0 

038 

0 

562 

1 

230 

Wheat  middlings . 

0 

101 

1 

000 

0 

114 

0 

038 

0 

381 

1 

120 

Cottonseed  meal . 

0 

207 

1 

200 

0 

046 

0 

027 

0 

641 

1 

570 

Alfalfa  meal . 

0 

153 

0 

191 

Bone  meal,  steamed . 

31 

0 

14 

4 

0 

482 

0 

061 

0 

808 

0 

133 

Fish  meal,  herring . 

4 

37 

2 

85 

0 

74 

0 

47 

0 

21 

0 

49 

Fish  meal,  sardine . 

8 

34 

4 

54 

0 

65 

0 

42 

0 

28 

0 

65 

Fish  meal,  whitefish . 

6 

64 

3 

46 

1 

58 

1 

65 

0 

22 

0 

32 

Fish  meal,  codfish . 

11 

9 

6 

17 

1 

24 

1 

12 

0 

24 

0 

78 

Meat  meal . 

3 

30 

1 

79 

1 

83 

2 

69 

0 

159 

0 

601 

Milk,  whole . 

0 

905 

0 

770 

0 

524 

0 

865 

0 

111 

1 

09 

Milk,  skim . 

1 

33 

0 

980 

0 

490 

0 

949 

0 

146 

2 

54 

Tankage,  50  per  cent  protein . 

11 

7 

5 

15 

Ca,  calcium;  P,  phosphorus;  Na,  sodium;  Cl,  chlorine;  Mg,  magnesium;  K,  potassium. 


Clamshells  are  used  to  some  extent  in  order  to  supply  calcium  car¬ 
bonate,  although  they  are  apparently  not  quite  so  satisfactory  as  oyster 
shells. 

Grass. — Green  grass  is  a  good  source  of  iron. 

Iodine  is  the  active  constituent  of  the  thyroid  gland,  which  has  been 
demonstrated  to  have  a  pronounced  influence  on  the  physiology  of  metab¬ 
olism.  It  is  practically  always  available  in  adequate  amounts  in  the 
normal  diet  of  the  chicken  and  is  mentioned  here  only  because  certain 
individuals  have  attempted  to  show  that  the  diet  should  be  supple¬ 
mented  with  potassium  iodide  or  iodine  in  some  other  form. 

Limestone  is  used  principally  as  a  source  of  calcium  carbonate,  a 
nonmagnesian  limestone,  i.e.,  free  of  dolomite,  being  superior  to  a  mag¬ 
nesian  limestone. 

Meat  scraps,  although  used  in  poultry  feeding  primarily  as  a  source 
of  protein,  contain  considerable  quantities  of  calcium  and  phosphorus  as 
well  as  other  minerals,  so  that  when  meat  scraps  are  used  in  the  diet  there 
need  be  less  concern  about  any  possible  deficiency  of  most  minerals. 
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Milk. — Both  whole  and  skim  milk,  as  compared  with  the  cereal  grains, 
are  relatively  rich  in  calcium,  phosphorus,  sodium,  chlorine,  and 
potassium. 

Oyster  shells  contain  about  96  per  cent  of  calcium  carbonate  and  arc 
used  extensively  in  feeding  hens  for  the  production  of  the  shell  of  the  egg. 
Oyster  shells  also  contain  iodine. 

Rock  phosphate  contains  phosphate  in  the  inorganic  form  but  is  not 
a  suitable  mineral  supplement  because  of  its  fluorine  content,  an  excess 
supply  of  which  is  harmful  both  for  growth  and  for  egg  production. 

Salt  is  used  as  a  source  of  sodium  and  chlorine. 

Tankage,  like  meat  scraps,  is  relatively  rich  in  calcium  and  phosphorus 
and  contains  other  minerals  as  well. 

Sources  of  Vitamin  Supplements. — Some  of  the  vitamins  are  rather 
widely  distributed  among  poultry  feeds,  although  with  respect  to  any  one 
vitamin  some  feeds  have  a  much  higher  content  than  others.  Vitamin  B, 
for  instance,  is  present  in  most  poultry  feeds,  but  the  cereal  grains  and 
their  by-products  contain  much  more  of  this  vitamin  than  practically  all 
other  poultry  feeds.  Likewise,  vitamin  E  is  rather  widely  distributed 
among  the  cereal  grains,  cereal  by-products,  and  forage  crops,  wheat  germ 
being  the  richest  source.  On  the  other  hand,  vitamin  A  is  found  most 
abundantly  in  cod-liver  oil,  forage  crops,  some  vegetables,  and  yellow 
corn,  the  other  cereal  grains  being  deficient  in  this  vitamin.  Milk  prod¬ 
ucts  and  liver  are  the  chief  source  of  the  growth-promoting  fraction  of 
vitamin  G.  Cod-liver  oil  is  the  chief  source  of  vitamin  D,  practically  all 
of  the  cereals,  cereal  by-products,  milk,  and  vegetables  being  deficient  in 
this  important  vitamin.  The  table  on  page  294  gives  the  vitamin  con¬ 
tent  of  a  number  of  poultry  feeds. 

From  the  information  given  in  this  interesting  table  it  is  apparent 
that  most  of  the  necessary  vitamins  are  rather  widely  distributed  among 
the  various  poultry  feeds.  The  one  exception  is  vitamin  D,  the  table 
indicating  that  among  the  various  poultry  feeds  cod-liver  oil  alone  is  rich 
in  this  vitamin.  It  should  be  mentioned,  however,  that  sardine,  pilchard, 
halibut,  and  some  other  fish  oils  are  also  valuable  sources  of  vitamin  D.  It 
should  also  be  pointed  out  that  the  ultraviolet  rays  of  sunlight  serve  the 
same  function  as  vitamin  D,  to  a  large  extent  at  least.  Vitamin  D  may 
be  developed  in  the  body  of  a  bird  that  has  access  to  sunlight,  the  very 
short  wave-length  rays  of  which,  known  as  ultraviolet  rays,  being  respon¬ 
sible  for  the  formation  of  the  vitamin  through  their  action  upon  certain 
organic  compounds  in  the  skin  and  body.  These  ultraviolet  rays  may  be 
produced  artificially  by  quartz-vapor  lamps.  The  rays  of  summer  are 
much  more  effective  than  those  at  any  other  time  of  the  year. 

Sources  of  the  antipellagric  or  filtrate  factor  of  the  vitamin  G  com¬ 
plex  are  not  given  in  the  table,  so  that  it  should  be  noted  that  the  best 
sources  of  this  vitamin  include  milk  and  milk  products. 
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Table  43. — Vitamin  Content  of  Poultry  Feeds  and  Eggs 

(Norris  and  Heuser,  1936) 


Vitamins 


Feeds 

A 

B 

D 

E 

G 

(growth 

factor) 

Cereals : 

Barley . 

0 

+  + 

0 

+  + 

+ 

Buckwheat . 

0 

+  + 

0 

— 

+ 

Corn,  white . 

0 

+  +  + 

0 

+  + 

+ 

Corn,  yellow . 

+  + 

+  +  + 

0 

+  + 

+ 

Oats . 

0 

+  + 

0 

+  + 

+ 

Soybeans . 

— 

+  + 

0 

— 

+ 

Wheat . 

0 

+  +  + 

0 

+  + 

+ 

Cereal  by-products: 

Corn-gluten  meal . 

+  +  + 

— 

0 

— 

0 

Hominy  feed . 

0  to  “b 

+  +  + 

0 

+  + 

— 

Soybean  oil  meal . 

— 

+  + 

0 

— 

+ 

Wheat  bran . 

0 

+  + 

0 

+  + 

+ 

Wheat  germ . 

0 

+  +  +  + 

0 

+  +  +  + 

+ 

Wheat  middlings . 

0 

+  +  + 

0 

+  +  + 

+ 

Milk  products: 

Buttermilk . 

+ 

+ 

0 

+ 

+  + 

Buttermilk,  dried . 

+ 

+ 

0 

+ 

+  +  + 

Skim  milk . 

0 

+ 

0 

+ 

+  + 

Skim  milk,  dried . 

0 

+ 

0 

+ 

+  +  + 

Whey,  dried . 

0 

+ 

0 

+ 

+  +  + 

Whole  milk . 

+  + 

+ 

0 

+ 

+  + 

Animal  products: 

Cod-liver  oil . 

+  +  +  + 

0 

+  +  +  + 

— 

0 

Fish  meal . 

0  to  T 

0 

0  to  T 

— 

0  to  -| — |- 

Meat  scrap . . 

0 

0 

0 

— 

+ 

Forages : 

Alfalfa,  dehydrated . 

+  +  + 

+ 

0 

+  +  + 

+  +  + 

Alfalfa,  green . 

+  +  + 

+ 

0 

+  +  + 

+  + 

Alfalfa,  sun  cured . 

+  + 

+ 

+ 

+  +  + 

+  + 

Clover,  green . 

+  +  + 

+ 

0 

+  +  + 

+  + 

Grasses,  green . 

+  +  + 

+ 

0 

+  +  + 

+  + 

Vegetables: 

Cabbage,  green  leaves . 

+  + 

+ 

0 

— 

+ 

Cabbage,  white  portion . 

+ 

+ 

0 

— 

— 

Carrots,  yellow . 

+  +  + 

+ 

0 

— 

— 

Mangels . 

0 

0 

0 

— 

— 

Potatoes . 

0 

+ 

0 

— 

— 

Rutabagas . 

0  to  T 

+ 

0 

— 

— 

Tomatoes . 

+  + 

+ 

0 

— 

— 

Miscellaneous: 

Eggs . 

+  + 

+ 

+  + 

+  + 

+  +  + 

Liver,  dried . 

+  + 

+ 

+ 

— 

+  +  +  + 

Yeast . 

0 

+  +  +  + 

0 

0 

+  +  + 

0  Indicates  none  or  no  appreciable  amount  of  vitamin. 

-f,  +  +  ,  +  +  +.  and  +  + -f  +  Indicate  increasing  amount  of  vitamin. 
—  Indicates  evidence  of  vitamin  content  lacking  or  insufficient. 
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Sources  of  vitamin  K,  the  antihemorrhagic  vitamin,  are  alfalfa  and 
to  a  lesser  extent  meat  scrap  and  fish  meal. 

Feeds  of  Questionable  Value. — Some  feeds  used  for  poultry  do  not 
fall  into  any  of  the  categories  already  mentioned  but  are  fed  for  some 
other  purpose  than  supplying  carbohydrates,  fats,  proteins,  minerals,  or 
vitamins. 

Charcoal. — Although  charcoal  is  a  good  absorbent  of  gases,  the  fact  has 
never  been  established  that  it  serves  any  useful  purpose  in  the  diet. 

Grit. — The  presence  of  grit  in  the  gizzard  provides  for  the  more  efficient 
grinding  of  the  hard  grains  than  when  no  grit  is  supplied.  Insoluble 
grit,  rather  than  limestone  grit,  is  preferable  and  is  obtained  usually  in  the 
form  of  crushed  quartz,  granite,  feldspar,  and  phosphate  rock.  On  the 
other  hand,  where  all  or  a  large  portion  of  the  diet  is  fed  in  the  form  of 
mash  the  feeding  of  grit  is  perhaps  unnecessary. 

Roughage  Feeds. — Mash  mixtures  that  are  very  finely  ground  are 
apparently  not  so  palatable  as  less  finely  ground  mixtures  and  sometimes 
give  rise  to  an  abnormal  condition  in  the  beak.  On  the  other  hand, 
especially  where  whole  or  cracked  grain  or  normally  ground  mashes  con¬ 
stitute  the  bulk  of  the  diet,  there  is  no  need  to  add  feeds  for  the  express 
purpose  of  supplying  bulk  to  the  diet.  Hulls,  hay,  cabbage,  and  silage  are 
of  little  value  from  the  standpoint  of  providing  bulkiness;  in  fact,  an 
excess  supply  of  either  bran  or  hay  tends  to  provide  too  much  fiber  in  the 
diet. 

Sprouted  Grains. — The  feeding  of  sprouted  oats  and  other  grains  was 
practiced  to  a  considerable  extent  a  few  years  ago  but  has  practically 
ceased.  Sprouting  appears  not  to  change  the  feeding  value  of  the  grain, 
and  only  when  alfalfa,  grass,  or  other  green  feeds  are  not  available  would 
the  feeding  of  sprouted  grains  with  green  tops  seem  to  be  justified. 

Tonics  are  always  of  questionable  value  in  poultry  feeding,  and  some 
of  them  may  be  distinctly  harmful. 

Toxic  Feeds. — The  poisoning  of  poultry,  especially  in  large  numbers 
at  a  given  time,  is  of  relatively  rare  occurrence,  although  it  sometimes 
occurs  in  rather  serious  proportions  in  individual  flocks.  In  such  cases, 
the  trouble  is  usually  due  to  the  fowls’  gaining  access  to  poisonous  drugs 
or  chemicals  or  poisonous  plants.  Since  death  from  poisoning  usually 
occurs  before  the  cause  of  death  is  established  by  diagnosis,  and  since 
treatment  is  rarely  practicable,  the  chief  sources  of  poisoning  are  men¬ 
tioned  primarily  for  the  purpose  of  assisting  the  poultryman  to  take  the 
necessary  precautions  to  avoid  the  possibility  of  mortality  from  poisoning. 

During  May  and  June  rose  chafers  may  cause  excessive  mortality  from 
poisoning  among  chicks  about  10  weeks  of  age.  About  20  chafers  will 
kill  chickens  1  week  old,  and  about  40  will  kill  a  chicken  about  3  weeks 
old. 
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In  certain  sections  of  South  Dakota,  corn,  wheat,  and  barley  grown 
on  the  “alkali”  soils  characteristic  of  those  sections  contain  a  poisonous 
element  called  “selenium”  which  causes  a  lowering  in  the  hatchability  of 
eggs  and  retarded  growth  in  chicks,  the  latter  result  occurring  when  65  per 
cent  of  the  grain  diet  was  composed  of  the  affected  grain. 

The  chief  sources  of  drug  and  chemical  poisoning  include:  (1)  arsenic , 
in  rat  poisons  and  Paris  green;  (2)  bichloride  of  mercury ,  the  lethal  dose 
being  4  grains  for  a  4-lb.  fowl;  (3)  copper  sulphate ,  sometimes  used  for 
medicating  drinking  water,  is  toxic  when  of  the  strength  of  15  grains  in 
solution ;  (4)  kamala,  sometimes  used  as  a  remedy  against  tapeworms,  acts 
as  an  irritant  in  the  digestive  tract,  a  dosage  of  1  grain  per  bird  resulting- 
in  a  decline  in  egg  production;  (5)  lead,  in  paint  skins;  (6)  nicotine  sulphate , 
highly  poisonous  to  baby  chicks  in  doses  of  2  cc.  of  a  4  per  cent  solution; 
(7)  potassium  permanganate ,  sometimes  used  as  an  antiseptic  in  drinking- 
water,  is  poisonous  to  adult  fowls  in  doses  of  30  grains  per  fowl;  (8)  sodium 
chloride,  or  common  salt,  is  toxic  for  chicks  and  adult  fowls  in  doses  of  4  per 
cent  of  the  live  weight. 

The  more  important  sources  of  plant  and  seed  poisoning  include: 
(1)  leaves  of  the  black  locust;  (2)  corn-cockle  seed,  if  consumed  in  excess  of 
0.25  per  cent  of  the  bird’s  body  weight;  (3)  cottonseed  meal,  the  poisonous 
principle  of  which  is  gossypol,  is  toxic  if  fed  in  very  large  amounts;  (4)  the 
coyotillo  plant  is  toxic  in  doses  of  0.3  per  cent  of  the  live  body  weight; 
(5)  crotalaria  seed,  produced  by  the  species  Crotalaria  spectabilis ,  which  is 
grown  in  some  southern  states  as  a  legume;  (6)  daubentonia  seed,  from  an 
ornamental  shrub  grown  in  the  Gulf  states;  (7)  milkweed,  sometimes  eaten 
by  poultry  when  other  green  plant  material  is  not  available;  (8)  the  night¬ 
shade  plant  and  berries;  (9)  the  green  sprouts  of  potatoes;  (10)  tobacco, 
sometimes  added  to  mashes  as  a  vermifuge,  is  toxic  in  its  effects  in 
excessive  amounts.  The  Pennsylvania  Agricultural  Experiment  Station 
found  that  cigar-leaf  tobacco  containing  0.86  per  cent  nicotine  caused 
excessive  mortality  among  chicks  during  the  third  and  later  weeks  when 
their  mash  contained  as  much  as  0.06  per  cent  nicotine. 

MIXING  FEEDS  FOR  A  BALANCED  DIET 

Growing  chicks  and  laying  hens  will  do  quite  well  on  a  comparatively 
simple  diet  provided  they  have  access  to  sunlight  and  also  have  access  to  a 
range  where  young  grass  is  always  available.  Under  other  conditions, 
such  as  when  the  birds  are  confined  to  houses  because  the  ground  is  frozen 
or  covered  with  snow,  and  especially  when  rapid  growth  or  high  egg  pro¬ 
duction  is  desired,  the  diets  should  be  comprised  of  a  variety  of  feeds  to 
make  sure  that  the  nutrients  are  properly  balanced.  When  birds  are 
kept  in  strict  confinement  without  access  to  sunlight,  the  proper  balancing 
of  the  nutrients  is  very  important  to  make  up  for  the  absence  of  the  ultra- 
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violet  rays  of  sunlight  and  the  proteins,  minerals,  and  vitamins  that  are 
secured  from  the  growing  green  crops  and  from  the  soil. 

Because  there  are  so  many  different  nutrients  needed  for  growth  and 
egg  production  as  well  as  for  other  purposes  and  because  some  of  the 
different  nutrients  produce  entirely  different  effects,  it  is  clear  that  the 
proper  balancing  of  the  nutrients  is  an  extremely  complicated  problem. 
Moreover,  existing  knowledge  is  in  a  rather  fragmentary  state  concerning 
the  nutritive  value  of  all  of  the  nutrients  that  each  kind  of  feed  contains 
and  the  optimum  requirements  of  all  nutrients  for  any  particular  purpose. 
Research  workers  sometimes  refer  to  certain  diets  being  tested  as  “ade¬ 
quate,”  whereas,  as  a  matter  of  fact,  only  the  final  results  secured  can 
determine  whether  or  not  a  particular  diet  proved  adequate,  and  even 
then  it  is  possible  that  a  slight  modification  might  have  given  still  better 
results. 

For  many  years  the  nutritive  ratio  was  considered  to  be  of  consider¬ 
able  importance  in  the  preparation  of  diets,  the  ratio  being  based  upon 
the  proportion  of  digestible  carbohydrate  and  fat  (estimated  as  carbohy¬ 
drate)  to  one  part  digestible  crude  protein.  The  nutritive  ratio  does  not 
take  into  consideration  the  mineral  elements  in  the  diet,  nor  does  it  take 
cognizance  of  the  vitamins.  Moreover,  as  far  as  the  digestible  protein 
portion  of  the  diet  is  concerned,  it  does  not  take  into  account  the  fact 
that  the  various  amino  acids  serve  different  purposes,  some  of  them  being 
unable  to  replace  others.  The  newer  knowledge  of  poultry  nutrition  has 
obliterated  any  usefulness  the  nutritive  ratio  may  perhaps  have  served. 

Nevertheless,  the  proper  balancing  of  the  nutrients  in  a  diet  is  of  great 
importance  if  the  most  satisfactory  results  in  any  direction  are  to  be 
obtained.  Enough  is  known  of  the  specific  effects  of  some  of  the  nutrients 
contained  in  various  feeds  to  suggest  that  a  diet  serving  as  the  sole  source 
of  nourishment  for  a  chicken  can  be  balanced  only  when  it  contains 
nutrients  from  several  different  feeds.  During  the  past  several  years 
numerous  experimental  feeding  tests  have  been  carried  on  for  the  purpose 
of  comparing  the  relative  value  of  different  feeds  and  different  combina¬ 
tions  of  feeds  for  different  purposes.  A  brief  statement  of  the  general 
results  obtained  from  these  feeding  tests  will  perhaps  suffice  to  indicate  the 
manner  in  which  the  balancing  of  a  diet  for  particular  purposes  can  be 
achieved. 

Relative  Value  of  Cereal  Grains. — Corn,  wheat,  oats,  and  barley  or 
combinations  of  two  or  more  of  these  grains  and  their  by-products  are  the 
ones  most  frequently  used  to  supply  the  major  portion  of  practically  all 
poultry  diets.  In  a  very  general  sense  they  have  approximately  the  same 
feeding  value  for  chicks,  fattening  stock,  and  laying  birds. 

Although  it  is  true  that  these  four  cereal  grains  appear  to  have  com¬ 
parable  nutritive  values,  it  is  also  true  that  they  differ  in  certain  outstand- 
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ing  respects.  With  the  exception  of  yellow  corn,  all  are  deficient  in 
vitamin  A.  The  fiber  content  of  barley  and  oats  is  liable  to  be  excessively 
high  unless  heavy-weight  grains  are  used.  There  is  sometimes  more 
difference  between  the  nutritional  value  of  two  lots  of  barley  or  two  lots 
of  oats  than  between  barley  and  any  of  the  other  three  grains  or  between 
oats  and  any  of  the  other  three  grains.  When  oats  are  used  they  should 
be  rolled  coarsely,  not  ground. 

Experiments  conducted  with  rye  at  the  Wisconsin  and  Wyoming 
agricultural  experiment  stations  seem  to  indicate  that  this  cereal  grain 
should  not  comprise  more  than  about  15  per  cent  of  the  diet  of  growing 
chicks  or  laying  hens.  Moreover,  rye  is  not  palatable. 


Mortality,  PerCent  . 

10  20  30  40  50  Average  Weight 


Fig.  135. — Showing  the  influence  on  growth,  average  weight,  and  mortality  in  Barred 
Plymouth  Rock  chicks  fed  single-cereal  diets  compared  with  a  mixed-cereal  diet,  all  diets 
being  supplemented  with  buttermilk  and  meat  scraps.  ( Branion ,  1933.) 

Buckwheat  may  be  used  to  some  extent  in  fattening  diets. 

Some  of  the  sorghums,  such  as  kafir  and  milo,  can  replace  yellow  corn, 
according  to  work  done  at  the  Kansas  Agricultural  Experiment  Station, 
provided  they  are  properly  supplemented  with  other  nutrients. 

In  the  previous  chapter  it  has  been  pointed  out  that  the  proteins  of 
all  cereal  grains  are  deficient  in  certain  amino  acids  and  need  to  be  sup¬ 
plemented  with  proteins  from  other  sources,  especially  animal  feeds.  The 
cereal  grains  also  need  to  be  supplemented  with  certain  minerals  and 
vitamins. 

The  relative  efficiency  of  the  cereal  grains  seems  to  depend  upon  the 
kind  of  supplements  that  are  added  to  each  of  the  grains.  For  instance,  in 
indoor  feeding  tests  conducted  at  the  Ontario  Agricultural  College  with 
Barred  Plymouth  Rock  chicks  up  to  12  weeks  of  age  it  was  found  that 
ground  yellow  corn  promoted  better  growth  than  ground-wheat,  barley,  or 
oat  groats,  each  diet  being  made  up  in  the  proportions  of  the  following 
number  of  pounds  of  feed:  the  particular  cereal,  100:  powdered  butter- 
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milk,  10;  fish  meal,  7;  alfalfa-leaf  meal,  5;  oyster  shell,  2;  bone  meal,  1; 
iodized  salt,  0.5;  and  1  pt.  of  cod-liver  oil.  It  was  also  found  that  a 
mixed-cereal  diet  of  equal  parts  of  corn,  wheat,  barley,  and  oat  groats 
gave  better  results  than  any  of  the  single-grain  diets,  with  the  exception 
of  corn.  On  the  other  hand,  the  corn  diet  produced  by  far  the  highest 
percentage  of  deformed  legs.  The  feathering  of  the  cockerels  and  pullets 
at  12  weeks  of  age  was  the  poorest  on  the  wheat  diet;  next  poorest 
on  the  oat-groats  diet;  the  corn,  barley,  and  mixed-cereal  diets  being 
comparable. 

In  another  feeding  test  conducted  at  the  Ontario  Agricultural  College 
with  Barred  Plymouth  Rock  chicks  up  to  12  weeks  of  age  it  was  found  that 
the  relative  standing  of  the  four  cereal  grains  differed  depending  upon 
whether  the  single  protein  supplement  used  was  powdered  buttermilk 
to  the  extent  of  25  per  cent  of  the  diet,  fish  meal  to  the  extent  of  12  per 
cent  of  the  diet,  or  meat  meal  to  the  extent  of  16  per  cent  of  the  diet.  In 
all  three  cases  the  crude-protein  content  of  the  protein  supplements  was 
approximately  the  same.  The  weights  of  the  chicks  at  the  conclusion 
of  the  test  are  given  in  the  accompanying  table. 

Table  44. — Weights  in  Grams  at  12  Weeks  of  Age  in  Barred  Plymouth  Rock 
Chicks  Fed  Single  Cereal  Grains,  Each  Supplemented  with  Three 
Different  Single  Protein  Feeds  of  Animal  Origin 

(Branion,  1934) 


Protein  supplement 


Cereal  grain 

Powdered 

buttermilk 

Fish  meal 

Meat  meal 

Corn . 

885 

760 

487 

Wheat . 

814 

752 

586 

Oat  groats . 

845 

833 

705 

Barley . 

755 

761 

722 

The  data  in  the  table  show  that  when  powdered  buttermilk  was  used 
as  the  protein  supplement,  the  relative  standing  of  the  four  cereals  was 
corn,  oat  groats,  wheat,  and  barley.  When  fish  meal  was  used,  the 
relative  standing  was  oat  groats,  barley,  corn,  and  wheat.  When  meat 
meal  was  used,  the  relative  standing  was  barley,  oat  groats,  wheat,  and 
corn.  The  best  growth  was  made  by  corn  supplemented  with  powdered 
buttermilk,  and  the  poorest  was  made  by  corn  supplemented  with  meat 
meal. 

Although  it  is  true  that  in  many  respects  the  four  cereal  grains,  corn, 
wheat,  oats,  and  barley,  may  replace  each  other  in  poultry  diets,  it  is 
also  true  that  a  mixture  of  the  four  will  usually  give  better  results.  This 
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is  apparently  because  the  cereal  grains  differ  in  the  quality  of  their  pro¬ 
teins,  a  combination  tending  to  give  a  better  balance. 

Relative  Value  of  Protein  Supplements. — Since  the  feeds  used  as 
sources  of  protein  supplements  are  relatively  the  most  expensive  part 
of  the  diet,  it  is  very  important  that  the  proper  kinds  and  proportions 
be  added  to  the  diet  in  order  to  secure  the  most  efficient  results  in  feeding. 

The  results  of  a  large  number  of  feeding  tests  carried  on  at  various 
institutions  over  a  period  of  years  indicate  clearly  that  protein  supple¬ 
ments  of  animal  origin  are  for  the  most  part  superior  to  protein  supple¬ 
ments  of  plant  origin.  The  superiority  is  due  not  only  to  differences  in 
the  quality  of  the  proteins  but  also  to  the  fact  that  animal-protein  feeds 
contain  certain  minerals  and  vitamins  that  are  lacking  in  plant  feeds  used 
as  sources  of  supplementary  protein.  The  results  of  the  various  experi¬ 
ments  are  briefly  summarized  here  with  a  view  toward  giving  a  general  pic¬ 
ture  of  the  problem  concerning  the  relative  value  of  protein  supplements. 

Protein  Supplements  for  Growth. — In  the  preceding  chapter  it  was 
pointed  out  that  rate  of  growth  is  determined  to  a  large  extent  not  only 
by  the  amount  of  feed  consumed  but  also  by  the  quality  and  level  of  the 
protein  content  of  the  diet.  Some  very  interesting  results  have  been 
secured  concerning  the  relative  value  of  protein  supplements  of  plant  and 
animal  origin  in  experiments  designed  to  make  comparisons  possible. 

Experimental  work  conducted  at  the  Nebraska  Agricultural  Experi¬ 
ment  Station  led  to  the  conclusion  that  the  nutritive  value  of  various 
protein  supplements  added  to  a  corn-wheat  basal  diet  could  be  expressed 
in  the  following  terms,  the  letters  AA  designating  the  highest,  and  D  the 
lowest  quality: 


Dried  buttermilk . 

AA 

Blood  meal . 

B 

Fish  meal . 

AA 

Cottonseed  meal . 

B 

Casein . 

AA 

Linseed-oil  meal . 

C 

Meat  and  bone  meal . 

A 

Corn-gluten  meal . 

C 

Soybean  meal . 

A 

Gelatin . 

D 

The  results  secured  from  an  extensive  series  of  experiments  at  Cornell 
University  are  typical,  in  many  respects,  of  results  secured  at  other 
institutions,  and  since  the  Cornell  results  have  been  stated  in  terms  of 
the  relative  efficiency  of  the  different  protein  supplements  tested  they 
are  given  in  Table  45. 

Inasmuch  as  dried  skim  milk  was  observed  to  possess  the  same  protein 
efficiency  as  casein,  it  would  seem  that  the  deficiency  of  cystine  in  casein 
was  supplied  in  adequate  amounts  by  the  cereal  grains  used  in  the  diet. 

The  differences  in  the  protein  efficiency  of  the  various  fish  meals 
tested  are  due  not  only  to  the  different  parts  of  the  fish  that  are  used  in 


FEEDING  PRACTICE 


301 


the  different  meals  but  also  to  the  process  of  manufacture.  The  proteins 
of  white  fish  meals,  consisting  chiefly  of  backs  and  heads,  proved  to  be 
superior  to  the  milk  proteins.  Vacuum  and  steam-dried  white  fish  meals 
proved  to  be  significantly  superior  to  flame-dried  white  fish  meals.  The 
sardine  fish  meals  tested  were  prepared  by  being  wet  rendered  and  then 
dried  in  indirect  flame.  It  was  observed  that  menhaden  fish  meals 


Table  45. — Relative  Protein  Efficiency  of  Protein  Supplements 

(Wilgus,  Norris,  and  Heuser,  1935) 


Relative 

Protein 

Protein  Supplement  Efficiency 

Casein .  100 

Dried  skim  milk .  100 

White  fish  meal: 

Vacuum  dried .  104 

Steam  dried .  104 

Flame  dried .  94 

Sardine  fish  meal: 

Domestic .  98 

Asiatic .  91 

Menhaden  fish  meal: 

Steam  dried .  91 

Flame  dried .  80 

Soybean  meal: 

Expeller  process .  89 

Hydraulic  process .  85 

Meat  scrap: 

75  per  cent  protein .  69 

60  per  cent  protein .  75 

55  per  cent  protein .  82 

50  per  cent  protein .  73 

45  per  cent  protein .  72 

Whale-meat  meal: 

70  to  75  per  cent  protein .  73 

55  to  60  per  cent  protein .  53 

Corn-gluten  meal .  61 

Ground  soybeans . 58 


produced  by  the  flame-drying  process  were,  in  general,  inferior  in  protein 
efficiency  to  those  produced  by  the  steam-drying  process. 

The  results  secured  with  expeller-process  and  hydraulic-process  soy¬ 
bean  meals  were  not  markedly  different.  Work  at  the  Wisconsin  Agricul¬ 
tural  Experiment  Station  showed  that  soybean  meals  prepared  by  the 
high-temperature  expeller  process,  medium-  and  high-temperature 
hydraulic  processes,  and  solvent-extracted  process  were  superior  to 
soybean  meals  produced  by  the  low-temperature  expeller  process  and  to 
raw  soybeans. 
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The  Cornell  results  with  meat  scraps  indicate  that  the  rendering 
process  employed  does  not  markedly  affect  their  protein  efficiency.  The 
relatively  low  protein-efficiency  value  of  the  75  per  cent  protein  sample 
was  attributed  to  the  fact  that  it  contained  pork  cracklings.  At  the 
California  Agricultural  Experiment  Station  it  was  found  that  vacuum- 
dried  beef  and  whale-meat  meal  were  superior  to  meat  scraps,  the  latter 
being  considerably  superior  to  tankage.  As  the  result  of  experiments 
conducted  at  the  Larrow  Research  Poultry  Farm  it  was  concluded  that 
meat  scraps  high  in  free  fatty  acids  decrease  the  feed  consumption  and 
rate  of  growth  in  chicks.  The  research  workers  carrying  on  the  work 
have  suggested  that  these  effects  are  not  due  to  the  fatty  acids  themselves 
but  to  the  inactivation  of  vitamin  A  and,  to  a  lesser  degree,  of  vitamin  D 
in  the  diet. 

Although  corn-gluten  meal  was  found  by  the  Cornell  workers  to  have 
a  low  protein-efficiency  value,  other  work  has  shown  that  its  proteins  can 
be  increased  in  value  when  properly  supplemented.  The  value  of  sup¬ 
plementing  the  proteins  of  plant  origin  is  borne  out  by  the  results  secured 
at  the  Wisconsin  Agricultural  Experiment  Station  with  soybean-oil  meal. 
A  diet  supplemented  with  12  parts  soybean-oil  meal,  2  parts  meat  scraps, 
and  2  parts  dried  milk  plus  minerals  proved  to  be  superior  to  a  diet 
supplemented  with  16  parts  soybean-oil  meal  plus  minerals. 

The  results  secured  from  a  number  of  widely  scattered  experiments 
indicate  that  the  growth-promoting  properties  of  a  diet  are  enhanced 
when  it  is  supplemented  with  a  mixture  of  such  animal  proteins  as  milk, 
good-quality  meat  scraps,  and  vacuum-dried  fish  meals. 

Protein  Supplements  for  Market-egg  Production. — The  results  that 
have  been  secured  in  determining  the  best  sources  of  protein  supplements 
for  growing  chicks  have  also  been  found  to  apply  for  the  most  part  in  the 
feeding  of  the  laying  stock.  Not  only  must  protein  supplements  be  added 
to  the  cereal  grain,  but  at  least  a  portion  of  the  protein  supplements  should 
be  of  animal  origin.  Vegetable-protein  concentrates  have  generally  been 
found  to  be  deficient  for  maximum  egg  production,  although  they  can  be 
used  to  good  advantage  along  with  animal-protein  supplements,  thereby 
sometimes  effecting  a  reduction  in  the  cost  of  the  diet.  Young  green 
cereal  grass  is  relatively  rich  in  protein  and  may  be  used  to  good  advan¬ 
tage  in  many  diets. 

Somewhat  typical  of  the  results  secured  from  a  wide  variety  of  feeding 
tests  on  the  effect  of  the  quality  of  various  animal-protein  supplements  on 
egg  production  are  the  results  secured  from  an  experiment  conducted  at 
the  National  Agricultural  Research  Center.  The  basal  feed  mixture  used 
consisted  of  the  following  parts  by  weight:  ground  yellow  corn,  500;  wheat 
bran,  245;  rolled  oats,  150;  and  alfalfa-leaf  meal,  55;  sufficient  amounts  of 
ground  limestone  and  steamed  bone  meal  were  added  so  that  each  diet 
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contained  approximately  3.0  per  cent  of  total  calcium  and  1.2  per  cent 
of  total  phosphorus.  The  protein  supplements  tested  included  the 
following:  (1)  a  mixture  consisting  of  40  per  cent  of  a  specially  prepared 
desiccated-meat  meal,  35  per  cent  of  white  fish  meal,  and  25  per  cent  of 
dried  buttermilk;  (2)  ground  dried  lean  meat;  (3)  all-beef  scrap,  such  as 
is  made  for  commercial  purposes  but  containing  no  added  high-protein 
materials  such  as  blood  meal  and  stick;  (4)  meat-and-bone  meal,  analyz¬ 
ing  55  per  cent  protein  and  containing  about  20  per  cent  blood  meal; 
(5)  meat-and-bone  meal  containing  no  added  blood  meal  or  stick;  (6)  blood 
meal  and  stick.  Each  diet  tested  contained  20  parts  of  one  of  the  fore¬ 
going  protein  supplements  per  100  parts  of  the  total  diet.  The  egg-pro¬ 
duction  results  secured  are  given  in  the  accompanying  table.  The 
feeding  tests  were  carried  on  for  approximately  one  year. 


Table  46. — Per  Cent  Egg  Production  on  Diets  Containing  Different 

Animal-protein  Supplements 
(Titus,  Byerly,  Ellis,  and  Nestler,  1936) 


Protein  supplement 

Protein  content  of 

Per  cent  egg 
production 

Protein 

supplement 

Diet 

None . 

11.8 

19.8 

Meat,  fish,  milk . 

58.8 

20.9 

23.1 

Ground,  dried,  lean  meat . 

61.3 

21.5 

29.2 

All-beef  scrap . 

50.0 

21.4 

25.2 

Meat-and-bone  meal,  55  per  cent  protein . 

55.2 

20.4 

23.8 

Meat-and-bone  meal,  no  blood  meal  or  stick .  .  . 

48.3 

19.5 

24.8 

Blood  meal  and  stick . 

80.0 

24.4 

26.7 

The  data  given  in  the  table  show  that  the  various  packing-house 
by-products  tested  supported  reasonably  good  egg  production,  being 
somewhat  more  efficient  than  the  meat-fish-milk  combination.  The 
results  of  other  experiments  indicated  that  the  materials  used  in  making 
meat  scrap  and  similar  products  are  of  relatively  greater  importance  in 
determining  their  nutritive  value  than  the  temperature  and  length  of 
time  in  processing,  provided  the  temperature  does  not  exceed  200°F.  or 
the  processing  time  8  hr.  It  was  suggested  that  a  packing-house  by-prod¬ 
uct  to  be  of  superior  quality  should  be  made  up  of  the  -various  parts  of 
the  animal  in  the  following'  proportions:  carcasses,  20;  beef  rennets,  15; 
hashed  pecks,  15;  skulls,  10;  spleen,  10;  livers,  10;  tripe  trimmings,  10;  and 
beef-cutting  scrap,  10. 

At  the  Washington  Agricultural  Experiment  Station  feeding  tests  were 
conducted  with  Alaska-herring  fish  meal,  a  62  per  cent  meat  scrap,  spray- 
process-dried  skim  milk,  and  a  Manchurian  soybean-oil  meal.  The  basal 
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mixture  was  composed  of  the  following  parts  by  weight:  ground  yellow 
corn,  20;  millrun,  18;  ground  heavy  oats,  15;  ground  barley,  15;  ground 
white  wheat,  15;  wheat  middlings,  10;  dehydrated  alfalfa,  7.  Oyster- 
shell  flour  and  bone  meal  were  used  to  supply  the  calcium  and  phosphorus. 
Each  diet  contained  approximately  16.0  per  cent  protein,  2.3  per  cent 
calcium,  and  0.9  per  cent  phosphorus.  Fish  meal  as  (1)  a  protein  supple¬ 
ment  was  tested  against  the  following  combinations:  (2)  fish  and  soybean- 
oil  meal;  (3)  fish  and  dried  skim  milk;  (4)  fish  and  meat  scrap;  (5)  fish, 
meat  scrap,  and  dried  skim  milk;  (6)  dried  skim  milk  and  meat  scrap;  (7) 
meat  scrap  and  soybean-oil  meal;  (8)  dried  skim  milk  and  soybean-oil 
meal.  The  per  cent  egg  production  was  as  follows:  53.6,  57.1,  53.6,  52.5, 
51.6,  51.5,  49.5,  55.1.  The  differences  in  egg  production  were  not  signifi¬ 
cant,  revealing  the  fact  that  if  the  diet  contains  at  least  one  high-quality 
protein  supplement  of  animal  origin,  satisfactory  egg  production  may  be 
obtained,  provided  the  diet  is  otherwise  properly  balanced. 

An  illustration  of  the  need  of  a  proper  balance  of  proteins  in  the  diet 
for  egg  production  is  revealed  in  the  results  of  feeding  tests  carried  on  at 
the  Ontario  Agricultural  College.  The  control  diet  for  a  basis  of  compari¬ 
son  with  single  cereal  grains  consisted  of  a  mixture  of  equal  parts  corn, 
wheat,  oat  groats,  and  barley.  The  other  diets  consisted  of  each  of  these 
four  grains  fed  singly.  To  each  of  the  five  diets  was  added  a  mixed 
animal-protein  supplement  consisting  of  10  parts  powdered  milk  and  7 
parts  fish  meal.  In  addition,  each  pen  of  birds  was  supplied  with  alfalfa, 
cod-liver  oil,  bone  meal,  oyster  shell,  and  grit  in  separate  hoppers.  The 
average  egg  production  per  hen  per  month  was  as  follows:  cereal  mixture, 
14.6;  wheat,  10.2;  corn,  9.8;  barley,  9.6;  and  oat  groats,  6.6.  These 
results  indicate  that  different  cereals  require  different  combinations  of 
animal  proteins  to  balance  the  diet  properly.  When  a  mixture  of  cereal 
grains  is  used  in  making  up  the  diet  for  egg  production,  which  is  the  case 
with  practically  all  poultry  diets  in  common  use,  it  has  been  found  that  a 
factor  of  safety  in  the  proper  balancing  of  the  animal-protein  supplements 
is  provided  by  using  milk  in  some  form  and  fish  meal  and  meat  scraps  that 
are  high  in  protein  quality. 

The  diet  of  molting  hens  should  be  as  well  balanced  as  possible  with 
respect  to  proteins  in  order  to  promote  feather  growth,  a  relatively  high 
level  of  protein  serving  to  stimulate  increased  feed  consumption,  which 
in  turn  tends  to  maintain  good  body  weight. 

Protein  Supplements  for  Hatching-egg  Production. — Diets  for  the 
production  of  good  hatching  eggs  may  be  the  same  as  those  for  good 
market-egg  production,  with  certain  important  exceptions.  In  the 
experiment  conducted  at  the  National  Agricultural  Research  Center, 
mentioned  previously,  it  was  found  that  the  hatchability  of  eggs  was 
reduced  when  the  diet  contained  blood  meal  and  stick,  embryonic  mor- 
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tality  being  relatively  high  throughout  the  period  of  incubation  and 
especially  during  the  third  week.  In  other  experiments  conducted  at  the 
same  institution  it  was  found  that  soybean  meal  made  from  the  Mammoth 
Yellow  variety  gave  very  poor  hatchability  and  that  expeller-process 
soybean  meal  made  from  the  Illini  variety  gave  very  low  winter  hatch- 
ability,  the  diet  containing  approximately  20  per  cent  of  the  soybean 
meal.  The  same  percentage  of  cottonseed  meal  in  the  diet  increased 
the  incidence  of  an  embryo  abnormality  called  “  chondrodystrophy  ”  and 
gave  low  hatchability.  On  the  other  hand,  young  green  cereal  grasses 
are  noted  for  the  high  quality  of  protein  that  they  possess  and  serve  in 
balancing  the  protein  portion  of  the  diet. 

In  the  experiment  at  the  Washington  Agricultural  Experiment  Station 
mentioned  previously,  it  was  observed  that  hatchability  was  higher  in  the 
case  of  all  combinations  of  protein  supplements  containing  milk  than  in 
diets  not  containing  milk.  It  is  probable,  of  course,  that  the  presence 
of  the  riboflavin  vitamin  in  milk  was  responsible  for  some  of  the  increase 
in  hatchability,  although  milk  is  known  to  contain  proteins  of  high 
quality. 

In  an  experiment  conducted  at  the  Ontario  Agricultural  College  it  was 
found  that  ribbon  milk,  powdered  milk,  semisolid  milk,  and  liquid  skim 
milk  each  gave  equally  satisfactory  results  in  hatchability  when  added  to 
a  grain  mixture  of  equal  parts  by  weight  of  crushed  oats,  wheat,  and 
barley. 

At  the  same  institution  it  was  found  that  the  addition  of  liver  or  liver 
extract  to  diets  containing  other  animal  proteins  except  milk  improved 
hatchability  by  decreasing  embryonic  mortality,  especially  during  the 
first,  second,  and  third  peaks  of  embryonic  mortality  which  were  found 
to  be  characteristic  in  the  case  of  the  control,  meat-meal,  and  fish-meal 
supplemented  diets  tested.  Liver  meal  contains  proteins  of  high  quality 
and  is  also  rich  in  the  riboflavin  vitamin  that  has  been  found  to  be  of 
considerable  importance  in  embryo  development  and  hatchability. 

Balancing  the  Diet  with  Mineral  Supplements. — Among  the  various 
minerals  required  for  growth  and  egg  production,  practically  all,  in  so  far 
as  known,  are  supplied  in  sufficient  quantities  in  the  cereal  grains  and 
animal-protein  supplements  usually  used  in  the  preparation  of  diets.  The 
cereal  grains  and  their  by-products,  however,  are  quite  deficient  in  cal¬ 
cium.  Diets  containing  the  proper  amounts  of  animal-protein  supple¬ 
ments  may  have  sufficient  calcium  for  growing  chicks  but  not  for  laying 
hens. 

When  vegetable-protein  supplements,  such  as  soybean  meal  and  cot¬ 
tonseed  meal,  replace  all  or  part  of  the  animal-protein  supplements,  the 
calcium  deficiency  incurred  may  be  compensated  for  by  adding  steamed 
bone  meal  or  nondolomitic  limestone.  For  each  5  lb.  of  vegetable-pro- 
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lein  supplement  replaced,  approximately  1  lb.  of  steamed  bone  meal 
or  a  mixture  of  steamed  bone  meal  and  limestone  should  be  added 
to  the  diet. 

Alfalfa  is  relatively  rich  in  calcium  and  helps  to  balance  the  diet 
with  respect  to  this  mineral.  The  minerals  contained  in  young  green 
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Fig.  136. — Showing  the  effect  of  liver  meal  in  reducing  the  first,  second,  third,  and  to 
some  extent  the  last  peak  in  embryo  mortality.  Increased  hatchability  occurred  in  all 
trials  irrespective  of  the  efficiency  of  the  other  animal  protein  supplements  used  in  the  diet. 
Liver  meal  either  greatly  reduced  or  eliminated  teratological  monsters  or  malformations  ( M ) 
as  well  as  oedema,  a  diseased  condition  ( OE ).  ( Smith  and  Branion,  1936). 


cereal  grasses  are  of  value  in  balancing  the  diet.  Wheat  gray  shorts  have 
been  found  by  the  Texas  Agricultural  Experiment  Station  to  contain  a 
mineral  that  tends  to  prevent  the  development  of  perosis  in  growing 
chicks. 
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For  satisfactory  egg  production  the  calcium  requirement  is  so  intense 
that  calcium  supplements  must  be  added  even  to  a  diet  relatively  rich 
in  animal-protein  supplements.  The  supplements  usually  used  are  oyster 
shells,  mussel  shell,  calcite,  or  other  satisfactory  sources  of  calcium  car¬ 
bonate,  the  form  of  calcium  apparently  best  suited  for  the  production 
of  market  and  hatching  eggs.  Calcium  supplements  are  usually  fed  in 
self-feeding  hoppers. 

A  point  of  particular  importance  with  respect  to  providing  calcium 
supplements  is  that  the  calcium  content  of  the  diet  should  bear  a  fairly 
definite  ratio  to  the  phosphorus  content,  as  explained  in  the  previous 
chapter. 

Common  salt  is  frequently  added  to  the  diet  to  supply  sodium  and 
chlorine. 

There  is  some  indication  that  manganese  should  be  added  in  very  small 
amounts  to  the  diet  for  growth  and  for  the  production  of  market  and 
hatching  eggs,  apparently  one-fifth  of  a  pound  of  manganese  sulfate  per 
ton  of  feed  being  sufficient. 

Balancing  the  Diet  with  Vitamin  Supplements. — In  spite  of  the  fact 
that  research  work  has  already  demonstrated  that  several  vitamins  are 
necessary  for  growth  and  egg  production  as  well  as  to  promote  the  physi¬ 
ological  well-being  of  the  chicken,  it  is  probably  true  that  many  of  the 
vitamins  are  supplied  in  abundance  in  most  of  the  commonly  used  diets 
when  chickens  are  exposed  to  a  reasonable  amount  of  sunlight  and  have 
access  to  a  good  range  of' young  grass.  It  is  when  chickens  are  confined, 
without  access  to  sunlight  and  a  good  range  of  young  grass,  that  special 
attention  must  be  given  to  the  proper  balancing  of  the  diets  by  the  addition 
of  feeds  rich  in  certain  vitamins.  Chicks  raised  in  batteries  and  laying 
hens  kept  in  batteries  require  very  carefully  balanced  diets.  In  many 
sections  of  the  country  where  snow  covers  the  ground  or  where  the  weather 
is  cold  during  the  winter  months,  the  laying  and  breeding  stock  is 
usually  confined,  and,  being  deprived  of  access  to  sunlight  and  grass 
range,  may  be  fed  diets  that  are  deficient  with  respect  to  certain 
vitamins. 

Young  green  grass,  alfalfa,  kale,  yellow  carrots,  and  certain  other 
feeds  are  good  sources  of  carotene  from  which  vitamin  A  is  formed.  In 
yellow  corn  the  source  of  vitamin  A  is  cryptoxanthin.  Alfalfa-leaf  meal 
is  usually  a  better  source  than  alfalfa  meal,  but  both  kinds  of  feed  show 
great  variability  with  respect  to  their  vitamin  A  potency,  especially  sun- 
cured  products.  Cod  liver  also  contains  vitamin  A.  In  all  feeds  exposed 
to  the  air,  the  vitamin  A  potency  decreases  considerably. 

Since  vitamin  B  is  found  in  the  outer  covering  and  germ  of  grains 
and  in  alfalfa,  young  grass,  and  milk,  there  is  little  likelihood  of  additional 
amounts  being  required  in  the  ordinary  diet, 
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Vitamin  D  must  be  added  to  the  diet  for  chicks  reared  in  confinement 
or  early  in  the  season  before  the  ultraviolet  rays  of  sunshine  are  sufficiently 
effective  to  prevent  rickets.  Cod-liver  oil  is  the  most  common  form  used 
to  supplement  the  diet  with  vitamin  D,  although  recent  research  has 
demonstrated  that  white  sea-bass  liver  is  about  2.6  times  as  effective  as 
cod-liver  oil,  and  dogfish-liver  oil  has  also  been  found  to  be  more  potent. 
Sardine-liver  oil  has  practically  the  same  potency  as  cod-liver  oil,  and 
halibut-liver  oil  is  slightly  less  potent  than  cod-liver  oil.  There  are  two 


Fig.  137. — Vitamin  A  is  necessary  for  chicks.  Upper  left,  Lot  1,  received  no  yellow 
corn  in  their  diet.  Upper  right,  individual  from  Lot  1 ;  note  the  condition  of  the  eye 
Lower  left,  Lot  2,  received  25  per  cent  yellow  corn  in  the  diet.  Lower  right,  Lot  3,  received 
50  per  cent  yellow  corn  in  the  diet.  All  chicks  photographed  at  17  weeks  of  age.  ( Hauge , 
Carrick,  and  Prange,  1927.) 


or  more  forms  of  vitamin  D  in  fish  oils,  the  proportions  varying  in  differ¬ 
ent  oils. 

Investigational  work  has  demonstrated  that  some  commercial  cod- 
liver  oils  have  been  relatively  high  in  free  fatty-acid  content,  which  is 
objectionable  from  the  standpoint  of  sometimes  retarding  growth  and 
causing  high  mortality. 

For  the  production  of  market  and  hatching  eggs  by  birds  kept  in 
confinement,  their  diet  should  be  supplemented  with  vitamin  D.  Cod- 
liver  oil  has  been  shown  to  be  a  more  efficient  source  of  vitamin  D  than 
irradiated  ergosterol  or  the  irradiation  of  the  birds. 

An  addition  of  vitamin  D  to  the  diet  of  breeding  stock  at  certain 
seasons  of  the  year  for  the  production  of  eggs  of  good  hatchability  is 
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clearly  indicated  by  results  secured  at  the  Ontario  Agricultural  College 
over  a  period  of  3  years.  The  effect  of  the  ultraviolet  rays  of  sunshine  in 
promoting  proper  bone  calcification  is  approximately  eight  times  as  great 
from  April  to  August  as  from  November  to  January.  In  Ontario  the 


Fig.  138. — The  effect  of  exposing  chicks  afflicted  with  leg  weakness  to  15  minutes’ 
direct  sunlight,  daily,  for  4  weeks.  Left,  before  exposure.  Right,  after  exposure.  ( Bethke 
and  Kennard,  1927). 


amount  of  sunshine  in  February  is  approximately  one-third  of  the  amount 
in  July,  and  it  has  been  found  that  from  February  to  July  the  hatchability 
of  eggs  increased  in  almost  direct  proportion  to  the  increase  in  the  amount 
of  sunshine  from  month  to  month. 
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Fig.  139. — Showing  the  influence  of  the  amount  of  sunshine  on  the  per  cent  hatchability 
when  two  sources  of  animal  protein,  differing  widely  in  their  feeding  value,  were  used  in  the 
diet.  (Smith,  1934.) 


In  numerous  experiments  carried  on  at  different  institutions  it  has 
been  demonstrated  that  cod-liver  oil  is  a  valuable  source  of  vitamin  D 
for  the  purpose  of  making  up  for  the  deficiency  of  sunshine,  at  least  to  a 
considerable  extent.  Some  work  has  been  done,  however,  the  results  of 
which  indicate  that  sunshine  contains  some  factor  other  than  vitamin 
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D  that  effects  an  improvement  in  hatchability.  For  instance,  at  the 
National  Agricultural  Research  Center  it  was  observed  that  the  hatch- 
ability  of  the  eggs  produced  by  birds  fed  Illini-soybean  meal  as  part  of 
their  diet  was  improved  by  direct  sunlight  through  some  mechanism 
other  than  vitamin  D. 

Since  liver  oils  are  purchased  by  poultry  raisers  primarily  as  a  source 
of  vitamin  D  for  supplementing  the  diet,  it  is  very  important  for  the 
purchaser  to  know  the  potency  or  U.S.P.  units  per  gram  of  the  oil.  The 
following  statement,  prepared  by  the  Pennsylvania  Agricultural  Experi¬ 
ment  station,  gives  the  quantities  of  oils  of  various  potencies  that  are 
required  to  supply  the  optimum  amounts  of  vitamin  D  in  diets  for  growing 
chicks  and  laying  and  breeding  stock: 


Vitamin  D 
potency1  of  oil, 
U.S.P.  units 
per  gram 

No.  of  U.S.P.2 
units  per  pound 
of  oil 

No.  of  U.S.P.3 
units  required 
in  100  lb.  of 
mash 

Approximate 
per  cent4  of  oil 
to  be  added  to 
the  mash 

Approximate 
pounds  of  oil 
to  be  added  to 

1  ton  of  mash 

When  an  all-mash  ration  is  fed  to  growing  chicks 

50 

22 , 700 

17,700 

0 . 78  or  % 

15 

85 

38 , 590 

17,700 

0 . 46  or  Yl 

10 

310 

140,740 

17,700 

0.13  or  Y 

2K 

400 

181,600 

17,700 

0. 10  or  1  to  10 

2 

When  a  grain  and  mash  ration  (equal  parts)  is  fed  to  growing  chicks  or  an  all-mash 

ration  is  fed  to  laying  hens 


50 

22,700 

35,400 

1.56  or  1  % 

30 

85 

38,590 

35,400 

0.92  or  1 

20 

310 

140,740 

35,400 

0.25  or  24 

5 

400 

181,600 

35,400 

0 . 19  or  1  to  5 

4 

When  a  grain  and  mash  ration  (equal  parts)  is  fed  to  laying  and  breeding  hens 

50 

22,700 

70 , 800 

3.12  or  3 

60 

85 

38,590 

70,800 

1.83  or  2 

40 

310 

140,740 

70,800 

0 . 50  or  y2 

10 

400 

181,600 

70,800 

0 . 39  or  2  to  5 

8 

1  In  simple  terms  a  U.S.P.  unit  is  a  measuring  stick  used  in  expressing  the  potency  of  a  vitamin  D 
substance  in  terms  of  a  reference  standard. 

2  The  number  of  U.S.P.  units  per  pound  of  oil  is  obtained  by  multiplying  the  number  of  U.S.P.  units 
per  gram  of  oil  by  454  (the  number  of  grams  in  1  lb.). 

3  These  recommendations  are  the  results  of  an  extensive  4-year  study  on  vitamin  D  requirements  of 
chickens. 

4  The  approximate  per  cent  of  oil  to  be  added  to  the  mash  is  obtained  by  dividing  the  number  of 
U.S.P.  units  required  per  100  lb.  of  mash  by  the  number  of  U.S.P.  units  per  pound  of  oil. 

Since  the  requirements  of  the  riboflavin  vitamin  are  relatively  large 
in  the  case  of  both  promoting  growth  and  producing  eggs  of  high  hatch- 
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ability,  the  diets  for  growing  chicks  and  breeding  stock  should  contain 
adequate  amounts  of  feeds  rich  in  this  vitamin.  Cornell  University 


Fig.  140. — Showing  the  influence  of  riboflavin  (vitamin  G)  upon  embryonic  mortality. 

(Davis,  Norris,  and  Heuser,  1938.) 

research  workers  have  compiled  the  following  table  showing  the  relative 
riboflavin  content  of  various  protein  supplements,  the  value  of  dried  pork 
liver  being  designated  as  100. 

Table  47. — Relative  Amounts  of  the  Riboflavin  Vitamin  in  Various  Protein 

Supplements 

(Wilgus,  Norris,  and  Heuser,  1935) 


Protein  Supplement 

Dried  pork  liver .  100 

Dried  skim  milk .  19 

White  fish  meal: 

Vacuum  dried .  10 

Steam  dried .  5 

Flame  dried .  5 

Sardine  fish  meal: 

Domestic .  9 

Asiatic .  5 

Menhaden  fish  meal: 

Steam  dried . .  5 

Flame  dried .  4 

Soybean  meal: 

Expeller  process .  4 

Hydraulic  process .  3 

Meat  scrap: 

75  per  cent  protein .  6 

60  per  cent  protein .  7 

55  per  cent  protein . 5 

50  per  cent  protein .  6 

45  per  cent  protein .  6 

Corn-gluten  meal .  0 

Dried  blood.. .  0 

Ground  soybeans .  3 
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Observations  made  at  the  Washington  Agricultural  Experiment 
Station  indicate,  however,  that  the  values  given  in  this  table  may  be 
somewhat  high  because  of  the  fact  that  the  basal  diet  was  not  always 
adequate  in  the  filtrate  factor  vitamin,  which  also  promotes  growth.  At 
the  same  institution  it  was  observed  that  dried  whey  contains  from  between 
10  to  20  per  cent  more  riboflavin  than  dried  skim  milk.  Work  at  Cornell 
University  has  shown  that  sun-cured  alfalfa  meals  contain  60  per  cent  as 
much  riboflavin  as  dried  skim  milk. 

Since  it  has  been  pointed  out  in  the  previous  chapter  that  the  vitamin 
called  “filtrate  factor”  is  necessary  to  induce  optimum  growth  in 
chicks,  it  is  worth  while  giving  here  the  contents  of  this  factor  in  units 
per  gram  of  the  following  feeds,  as  found  by  the  California  Agricultural 
Experiment  Station:  cane  molasses,  6.0;  dried  skim  milk,  3.0;  dehydrated 
alfalfa-leaf  meal,  3.0;  alfalfa-leaf  meal,  1.3;  and  dried  young  alfalfa  shoots, 
1.0. 

The  three  vitamins,  E,  the  gizzard-factor  vitamin,  and  the  antihemor- 
rhagic  vitamin  are  not  likely  to  be  deficient  in  any  normal  poultry  diet. 

THE  ESSENTIALS  OF  A  WELL-BALANCED  DIET 

From  what  has  been  said  previously  in  this  chapter,  it  is  perfectly 
apparent  that  in  order  to  give  the  most  satisfactory  result  for  any  par¬ 
ticular  purpose  a  diet  must  be  properly  balanced  with  respect  to  the 
various  nutrients  that  it  contains.  Not  only  must  the  various  nutrients 
be  of  good  quality,  as  in  the  case  of  the  proteins,  but  they  must  be  in 
proper  proportions,  as  in  the  case  of  the  calcium  and  phosphorus  portions 
of  the  diet. 

A  well-balanced  diet  is  considered  to  be  one  that  is  made  up  of  the 
right  kinds  of  feeds  combined  in  such  proportions  so  as  to  produce  the 
desired  results  as  efficiently  as  possible.  In  broiler  production,  for 
instance,  it  is  not  so  much  a  matter  of  how  fast  the  chicks  can  be  made  to 
grow  as  how  efficiently  can  gain  in  weight  be  obtained  on  the  basis  of  the 
feed  consumed  and  such  other  factors  as  the  number  of  birds  that  die 
because  of  faulty  nutrition  and  the  quality  and  condition  of  the  fleshing 
of  those  that  live  to  be  marketed.  So  with  respect  to  feeding  for  egg 
production,  a  well-balanced  diet  is  one  that  promotes  efficient  egg  pro¬ 
duction  on  the  basis  of  feed  consumption  and  ensures  the  largest  possible 
number  of  birds’  being  alive  and  in  good  condition  at  the  end  of  the  laying 
period. 

Diet  Properly  Balanced  for  a  Particular  Purpose. — The  purpose  for 
Which  a  diet  is  intended  makes  a  difference  as  to  just  how  it  should  be 
balanced.  A  diet  for  breeding  stock  should  have  relatively  less  protein, 
more  calcium  and  phosphorus,  much  more  vitamin  A  and  vitamin  D,  and 
perhaps  a  little  less  of  the  riboflavin  vitamin  than  a  diet  for  broilers. 
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Birds  in  confinement  need  to  have  a  much  more  carefully  balanced  diet 
than  those  that  are  allowed  in  the  sunlight  and  have  access  to  a  good  range 
of  young  grass.  These  are  but  two  examples  of  the  thought  that  must  be 
given  to  the  proper  balancing  of  the  diet  for  the  purpose  intended.  It 
should  be  added,  of  course,  that  the  nature  of  the  diet  fed  is  of  great 
importance  from  the  standpoint  of  the  quality  of  the  product  produced. 
The  calcification  of  bone,  the  quality  of  flesh,  the  color  of  the  yolk,  the 
hardness  of  the  shell,  the  condition  of  the  thick  and  thin  white,  and  the 
hatchability  of  the  eggs  are  factors  that  should  be  kept  in  mind  in  balanc¬ 
ing  the  diet. 


Fig.  141. — Layers  kept  in  batteries  or  laying  cages  require  much  more  carefully  balanced 
diets  than  layers  given  access  to  range.  ( Winter ,  1937.) 

In  order  to  be  able  to  balance  diets  most  wisely  for  any  particular 
purpose,  the  poultryman  must  have  an  adequate  knowledge  of  the  nutri¬ 
tive  requirements  of  different  classes  of  chickens  and  of  the  effects  of 
various  combinations  of  the  necessary  nutrients.  In  other  words,  the 
most  successful  feeder  is  one  who  knows  the  chickens’  needs  and  the 
possibilities  of  the  various  feeds. 

Palatability  of  Feed  Important. — The  consumption  of  feed  by  chickens 
seems  to  be  dictated  largely  by  the  senses  of  sight  and  touch  rather  than  by 
smell  and  taste.  Palatability  implies,  therefore,  attractiveness  and 
satisfaction  in  the  eating  thereof.  Rolled  oats  are  preferred  to  ground  or 
crushed  oats.  Mashes  composed  of  very  finely  ground  grains  are  not  so 
palatable  as  those  composed  of  more  coarsely  ground  grains.  The  feeding 
of  a  very  finely  ground  all-mash  diet  to  chicks  sometimes  gives  rise  to  a 
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condition  known  as  “necrosis  of  the  beak.”  Some  of  the  finely  ground 
feed  adheres  to  the  beak  and  remains  under  the  tongue,  causing  discom¬ 
fort  and  reducing  feed  consumption.  The  feeding  of  fresh  mashes  will 
stimulate  increased  feed  consumption  over  that  of  stale  mashes. 

A  Certain  Degree  of  Bulkiness  Desirable. — From  what  has  just  been 
said  about  the  undesirability  of  the  excessively  fine  grinding  of  grains,  it 
follows  that  the  mash  portion  of  the  diet  should  have  a  certain  amount  of 
bulkiness.  Chickens  apparently  have  a  limited  capacity  for  digesting 
fiber,  although  the  Oklahoma  Agricultural  Experiment  Station  has  shown 
that  diets  containing  about  3  to  10  per  cent  fiber  gave  equally  satisfactory 
results.  A  certain  amount  of  bulkiness  apparently  aids  in  the  more 
complete  digestion  of  the  nutrients  in  their  passage  through  the  digestive 
tract. 

Maintaining  Physiological  Well-being. — The  chicken  is,  in  reality,  a 
physiological  machine  which  is  fed  the  raw  materials  from  which  it  is 
expected  to  produce  flesh  or  eggs  in  abundance.  The  physiological 
processes  that  are  involved  in  transforming  raw  materials  into  finished 
product  entail  a  heavy  strain  upon  the  digestive  and  other  systems.  The 
demand  for  more  rapid  growth  in  broiler  production  and  for  higher  egg 
production  in  the  laying  stocks  requires  that  special  consideration  be 
given  to  the  requirements  of  the  chicken,  particularly  with  respect  to 
the  proteins,  minerals,  and  vitamins.  If  the  bodily  functions  are  not 
kept  running  smoothly,  the  whole  system  breaks  down.  Attention 
should  be  directed  toward  the  balancing  of  diets  with  nutrients  that  are 
utilized  most  efficiently  in  digestion  with  the  least  possible  wastage  in 
metabolism  and  which  also  tend  to  preserve  the  health  of  the  bird. 

METHODS  OF  FEEDING 

The  results  secured  in  the  feeding  of  any  class  of  chickens  for  any 
particular  purpose  depend  not  only  upon  the  proper  balancing  of  the 
required  nutrients  comprising  the  diet  but  also  upon  the  method  of  feed¬ 
ing  employed.  A  well-balanced  diet  improperly  fed  will  not  give  the  most 
satisfactory  results.  Especially  where  the  diet  consists  of  scratch  grains 
as  well  as  mashes  is  the  method  of  feeding  important. 

Free  Choice  of  Single  Feeds. — If  a  wide  range  of  feeds  commonly  used 
in  feeding  practice  was  placed  before  chicks  or  hens  so  that  they  could 
help  themselves  to  each  feed  in  its  separate  container,  the  inference  is 
natural  that  the  birds  would  naturally  balance  their  own  diets.  Perhaps 
they  can  and  do,  but  some  very  interesting  things  have  been  learned  from 
the  “cafeteria”  method  of  feeding. 

Two  of  the  outstanding  observations  made  where  the  free-choice 
method  of  feeding  single  feeds  has  been  tried  are:  (1)  Chickens  are  crea¬ 
tures  of  habit  and  will  consume  large  quantities  of  a  feed  largely  as  a 
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consequence  of  developing  the  habit  of  going  to  a  particular  container 
when  all  of  the  containers  are  left  in  the  same  place  in  the  pen  or  room; 
(2)  chickens  vary  a  great  deal  among  themselves  with  respect  to  their 
“choice”  of  feeds. 

On  the  other  hand,  according  to  observations  made  at  the  Ontario 
Agricultural  College  and  the  Maine  Agricultural  Experiment  Station,  a 
group  of  chicks  taken  as  a  whole  shows  a  considerable  degree  of  con¬ 
sistency  in  the  choice  of  feeds  that  supply  the  requirements  of  the  different 
nutrients  as  growth  proceeds.  In  some  tests  the  mortality  among  chicks 
on  the  free-choice  method  has  been  less  than  among  chicks  in  the  control 
pen,  but  in  other  tests  the  reverse  has  been  true.  In  the  case  of  the  Maine 
experiment  it  was  found  that  the  rate  of  growth  was  more  variable  among 
chicks  on  the  free-choice  method  than  among  the  chicks  on  the  control 
method.  These  differences  in  rates  of  growth  were  believed  to  be  due  to 
heritable  differences  among  the  chicks  with  respect  to  their  efficiency  in 
the  utilization  of  feed. 

The  free-choice  method  of  feeding  laying  hens,  tried  out  at  the  Ohio, 
Delaware,  Missouri,  and  other  agricultural  experiment  stations,  has 
shown  that  hens  vary  a  great  deal  with  respect  to  their  individual  prefer¬ 
ences  for  certain  feeds.  The  idiosyncrasies  among  hens  in  their  choice 
of  feeds  have  been  shown  to  be  remarkable  indeed,  although,  on  the 
average,  there  are  consistent  differences  between  a  group  of  hens  laying 
heavily  and  a  group  laying  poorly  or  not  at  all. 

In  view  of  the  demonstration  that  chicks  and  hens  differ  among  them¬ 
selves  with  respect  to  the  efficiency  in  the  utilization  of  feed,  it  would 
seem  possible  to  develop  by  proper  selection  and  breeding  methods  a 
strain  of  birds  uniform  in  their  ability  to  utilize  feed  efficiently. 

All-scratch  Feeding. — Some  farmers  still  rely  on  whole  or  cracked 
grains,  sometimes  providing  skim  milk  as  a  drink,  for  growing  chicks  and 
layers.  The  newer  knowledge  of  nutrition  has  clearly  demonstrated, 
however,  that  for  the  most  satisfactory  results  in  growth  and  in  the 
production  of  market  and  hatching  eggs,  the  scratch  grains  must  be 
balanced  in  nutrients  by  the  addition  of  ground  grains  containing  the 
necessary  protein,  mineral,  and  vitamin  supplements. 

Scratch  and  Mash  Feeding. — The  most  popular  method  of  feeding- 
growing  chicks  and  adult  birds  is  to  feed  whole  or  cracked  grains  in  the 
litter  and  mash  in  self-feeding  hoppers.  The  scratch  grains  should  be 
scattered  in  the  litter  the  first  thing  in  the  morning,  enough  to  keep  the 
birds  busy  for  about  an  hour,  and  again  in  the  evening  about  an  hour 
before  roosting  time,  giving  enough  to  enable  the  birds  to  fill  their  crops. 
Fresh  mash  should  be  placed  in  self-feeding  hoppers  as  often  as  required, 
pains  being  taken  to  avoid  wastage.  In  the  case  of  laying  birds  the 
consumption  of  scratch  and  mash  should  be  approximately  equal. 
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In  some  cases  in  addition  to  feeding  the  mash  in  hoppers,  good  results 
have  been  secured  with  flocks  of  inherently  high  egg-laying  ability  by 
feeding  the  whole-  or  cracked-grain  portion  of  the  diet  in  other  self-feeding 
hoppers. 

Home  Mixture  plus  Concentrates. — Farmers  who  grow  their  own 
grains  and  do  not  want  to  purchase  either  whole  or  ground  grains  have 
the  possibility  of  balancing  diets  for  various  classes  of  chickens  by  pur¬ 
chasing  mixtures  of  concentrates  that  are  on  the  market.  Care  should 
be  taken  to  have  the  home-grown  grains  ground  so  that  they  will  mix 
readily  with  the  mixture  of  concentrates.  Any  alfalfa  that  is  used  should 
be  of  a  good  green  color. 

All-mash  Feeding. — During  recent  years  considerable  success  has  been 
achieved  by  many  flock  owners  in  feeding  birds  nothing  but  mashes,  this 
being  a  common  practice  with  birds  in  batteries.  A  choice  between  the 
all-mash  and  scratch-and-mash  methods  of  feeding  is  largely  a  responsi¬ 
bility  of  the  individual  flock  owner.  The  percentage  of  protein  supple¬ 
ment  in  the  all-mash  feed  should  be  one-half  as  great  as  in  the  mash  feed 
that  is  fed  in  conjunction  with  the  scratch  feed. 

Dry  and  Wet  Mashes. — Dry-mash  feeding  involves  less  labor  than 
wet-mash  feeding  and  except  under  certain  circumstances  is  preferred. 
On  the  other  hand,  wetting  the  mashes,  especially  if  skim  milk  is  used, 
tends  to  increase  their  palatability.  In  the  feeding  of  chicks  and  layers 
the  mash  should  be  moistened  so  that  it  is  still  crumbly.  In  order  to 
secure  the  best  results  in  fattening,  the  mash  should  be  thoroughly  moist¬ 
ened  with  milk  in  order  to  secure  the  greatest  possible  feed  consumption 
during  the  fattening  period. 

Pellets. — During  recent  years  the  feeding  of  pellets  has  gained  con¬ 
siderable  impetus  in  spite  of  the  fact  that  it  has  its  limitations.  It  is 
employed  principally  for  laying  hens,  the  dry  mash  being  compressed 
under  high  pressure  into  pellets  which  are  about  in.  in  diameter  and 
about  in.  in  length. 

The  pellet  method  of  feeding  is  often  represented  as  being  particularly 
suitable  for  feeding  laying  hens  in  batteries,  but  in  this  connection  it 
may  be  pointed  out  that  there  is  often  considerable  wastage  of  feed, 
especially  by  certain  birds  which  seem  to  seek  a  more  perfectly  balanced 
diet  or  for  other  reasons.  This  method  of  feeding  is  the  antithesis  of  the 
“ cafeteria, ”  or  free-choice,  method  and  presents  the  objection  that  in 
spite  of  existing  knowledge  pertaining  to  poultry  nutrition  and  the  opti¬ 
mum  needs  of  the  laying  hen  with  respect  to  various  nutrients,  the  pellet, 
sifter  all,  may  not  represent  a  perfectly  balanced  diet. 

Oyster  Shells  and  Grit. — Oyster  shells  and  grit  are  always  fed  in 
self-feeding  hoppers. 
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Adding  Fish-liver  Oils. — When  cod-  or  other  fish-liver  oils  are  to  be 
added  to  a  mash  mixture  it  is  good  practice  to  mix  the  amount  of  oil 
needed  with  a  small  amount  of  cornmeal  and  then  mix  the  oiled  cornmeal 
thoroughly  with  the  mash  mixture. 

Water. — Clean  water  should  be  available  at  all  times,  its  absence 
for  any  length  of  time  being  more  serious  than  absence  of  feed.  In 
freezing  weather  a  water  heater  should  be  used,  or  warm  water  should 
be  supplied  frequently. 

Using  Artificial  Lighting. — The  use  of  artificial  light  in  chicken  houses 
is  in  reality  a  method  of  feeding,  the  real  purpose  being  to  give  the  birds 
the  same  length  of  time  each  day  for  feeding  during  the  short  days  of 
winter  as  during  the  longer  days  of  summer.  Artificial  lighting  is  prac¬ 
ticed  with  chicks  and  hens  in  batteries  and  with  laying  stock  in  regular 
laying  houses. 

In  the  laying  house  one  40-watt  bulb  should  be  used  for  every  200  sq. 
ft.  of  floor  space,  in  a  long  house  the  bulbs  being  placed  about  10  ft.  apart 
and  high  enough  above  the  floor  so  that  the  roosting  space  will  be  par¬ 
tially  lighted.  Each  reflector  should  be  4  in.  in  depth  and  16  in.  in  dia¬ 
meter.  If  all-night  lighting  is  provided,  two  10-watt  bulbs  are  sufficient 
for  about  400  sq.  ft.  of  floor  space,  because  all-night  lighting  does  not 
need  to  be  so  bright  as  for  the  other  system  of  lighting. 

Two  systems  of  artificial  lighting  are  commonly  employed,  lighting 
sufficient  to  give  the  birds  13  or  14  hr.  of  feeding  time  or  lighting  all 
night,  the  latter  system  being  restricted  for  the  most  part  to  places  where 
natural  gas  is  available  at  low  cost.  Where  electric  current  is  used,  three 
plans  are  possible:  (1)  turning  the  lights  on  about  3:30  a.m.  and  off  when 
daylight  comes;  (2)  turning  the  lights  on  at  about  4:30  a.m.,  off  at  day¬ 
light,  then  on  at  dusk  until  about  6  p.m.;  (3)  turning  them  on  at  about 
10  p.m.  for  about  an  hour.  Of  these  three  plans,  the  morning-only  light¬ 
ing  plan  is  preferable  because  the  day’s  work  is  completed  when  the  birds 
go  to  roost  and  no  dimming  system  is  necessary,  as  is  the  case  with  the 
other  two  plans  in  order  to  permit  the  birds  to  find  the  roosts  after  the 
bright  lights  are  turned  off.  Whichever  plan  of  lighting  is  used  should  be 
followed  regularly  without  sudden  interruptions,  or  the  birds  are  very 
liable  to  be  thrown  into  a  molt. 

For  pullets  the  lighting  should  begin  about  the  first  of  September 
or  October  and  should  be  continued  until  about  the  first  of  March,  depend¬ 
ing  partly  upon  the  section  of  the  country  and  the  condition  of  the  birds. 
It  should  be  discontinued  gradually,  not  suddenly.  The  pullets  should 
be  culled  closely  and  housed  according  to  age.  The  benefits  derived  from 
lighting  consists  chiefly  in  securing  a  higher  fall  and  winter  egg  production, 
although  the  annual  egg  production  per  bird  is  about  the  same  in  lighted 
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and  unlighted  pens  of  similar  breeding  under  identical  conditions  of 
management  except  for  lighting.  When  hens  are  “lighted”  it  is  very 
important  to  regulate  the  feeding  so  that  egg  production  will  not  be  over- 


Fig.  142. — Artificial  lighting,  when  properly  used,  means  increased  egg  production 
during  the  fall  and  winter  months.  ( Reliable  Poultry  Journal  Publishing  Company.) 


Fig.  143. — The  use  of  artificial  lights  in  stimulating  fall  and  winter  egg  production  is 
of  particular  value  in  the  northern  sections  of  the  country.  A  dimming  system  allows  the 
layers  to  retire  in  comfort.  ( Reliable  Poultry  Journal  Publishing  Company.) 


Stimulated  and  so  that  good  body  weight  may  be  maintained  throughout 
the  first  laying  year. 

A  higher  summer  and  fall  egg  production  can  sometimes  be  secured 
from  hens  if  they  are  “lighted”  beginning  about  the  middle  of  August  or 
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a  short  time  before  the  pullets  are  ready  to  be  placed  in  the  laying  house. 
The  flock  of  hens  should  be  gone  over  carefully,  putting  the  best  ones  to 
be  kept  for  breeding  purposes  on  range,  culling  the  poorest  ones,  and 
putting  the  balance  in  an  empty  brooder  or  other  house  where  they  are 
put  under  lights.  A  slight  increase  in  the  protein  content  of  the  diet 
might  be  of  help  to  stimulate  greater  feed  consumption  and  thus  offset 
the  effects  of  moving. 

The  method  of  feeding  must  be  adapted  to  the  use  of  artificial  lights. 
When  morning  lights  are  used  the  scratch  grain  should  be  scattered  in 
the  litter  the  evening  before.  Clean  water  and  fresh  mash  should  always 
be  available  whenever  the  lights  are  on.  Birds  that  are  “lighted”  require 
careful  management  to  avoid  disturbing  factors  that  may  readily  affect 
egg  production. 

FORMULAS  FOR  PRACTICAL  DIETS 

Developing  formulas  for  the  most  satisfactory  kind  of  diets  is  depend¬ 
ent  upon  a  knowledge  of  at  least  the  four  following  factors: 

1.  The  nutritive  requirements  of  chickens  with  respect  to  the  various 
purposes  for  which  they  are  fed. 

2.  The  source  of  the  essential  nutrients  and  the  role  they  play  in 
poultry  nutrition. 

3.  Properly  balancing  the  diet  with  respect  to  the  various  nutrients 
needed  for  any  particular  purpose. 

4.  The  essentials  of  a  good  diet  and  methods  of  feeding. 

These  four  sets  of  factors  having  previously  been  discussed  in  some 
detail,  it  is  now  possible  to  suggest  formulas  for  diets  for  the  promotion 
of  growth,  for  the  development  of  flesh  in  fattening,  and  for  the  production 
of  market  and  hatching  eggs.  This  can  best  be  done  by  giving  in  the 
following  pages  some  of  the  diets  that  are  recommended  by  various  state 
agricultural  experiment  stations  and  agricultural  colleges.  The  formulas 
for  these  diets  have  been  developed  based  on  the  knowledge  of  the  four 
sets  of  factors  mentioned  above  and  have  been  found  to  give  satisfactory 
results  in  practice. 

Most  of  the  formulas  given  are  from  institutions  at  which  a  consider¬ 
able  amount  of  experimental  work  has  been  underway,  but  it  should  be 
understood  that  at  numerous  other  institutions  just  as  much  experimental 
work  has  also  been  underway.  Lack  of  space  prevents  giving  more  than 
a  few  formulas,  and  in  the  choice  of  the  institutions  represented  their 
geographical  distribution  played  a  part. 

The  primary  purpose  in  giving  these  formulas  is  to  furnish  the  reader 
with  some  conception  of  what  constitutes  a  good  diet.  The  various  diets 
have  much  in  common  but  at  the  same  time  make  it  clear  that  any  two 
diets  fed  for  the  same  purpose  may  contain  different  feeds  or  the  same 
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feeds  in  different  proportions.  The  relative  availability  and  price  of 
some  of  the  feeds  in  certain  sections  of  the  country  account  for  some  of  the 
differences  in  the  make-up  of  the  various  diets.  All  of  the  figures  given 
in  the  formulas  are  percentages  of  the  mash  and  scratch  portions  of  the 
diet,  respectively,  or  pounds  of  each  feed  used  on  the  basis  of  the  mash 
and  scratch  portions  each  containing  100  lb. 

Diets  for  Growing  Chickens. — Some  institutions  recommend  what  is 
known  as  a  “ starting”  diet  to  be  fed  for  the  first  8  or  12  weeks  and  a 
“ developing”  diet  after  that  time.  Others  feed  the  same  diet,  perhaps 
with  slight  modifications,  throughout  practically  the  entire  growing 
season. 


Cornell  Chick  Diet 


Mash  Mixture 

Yellow  cornmeal .  40.0 

Flour-wheat  middlings .  20.0 

Wheat  bran .  10.0 

Fine-ground  heavy  oats .  10.0 

Meat  scrap  (55  per  cent  protein) ...  10.0 
Dried  skim  milk  or  dried  buttermilk  7 . 5 

Limestone  or  oyster-shell  flour .  2.0 

Fine  salt .  0.5 

Cod-liver  oil .  0.5 


The  mash  mixture  only  is  fed  for  the 
first  8  weeks;  then  the  following  scratch 


mixture  is  also  fed: 

Cracked  yellow  corn .  50 

Wheat .  50 


Diets  for  Chicks  Raised  on  Range 


Diet 

Kentucky 

Oklahoma 

1  to  12 
weeks 

13  weeks  to 
laying  time 

1  to  12 

weeks 

13  weeks  to 
laying  time 

Mash  mixture 

Ground  yellow  corn . 

25 

20 

25 

25 

Wheat  bran . 

25 

30 

25 

25 

Wheat  shorts . 

25 

30 

25 

25 

Dried  buttermilk . 

10 

.  . 

5 

5 

Meat  scrap  or  fish  scrap . 

12 

20 

Meat  and  bone  scraps . 

.  . 

.  . 

5 

5 

Alfalfa-leaf  meal . 

.  . 

.  . 

8 

8 

Cottonseed  meal . 

.  . 

5 

5 

Salt . 

1 

1 

1 

1 

Bone  meal . 

2 

Powdered  limestone . 

.  . 

1 

Fish-liver  oil . 

1 

i 

Scratch  feed 

2 

Cracked  yellow  corn . 

50 

50 

Wheat . 

50 

50 

1  Cod-liver  oil  recommended  if  green  feed  and  sunshine  are  not  available. 

2  After  the  first  12  weeks  a  scratch  feed  of  at  least  3  grains  is  recommended. 
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Ontario  Chick  Diet 


Mash  Mixture 


Ground  yellow  corn .  17 

Rolled  wheat .  16 

White  hominy .  16 

Rolled  groats .  15 

Powdered  skim  milk .  7 

Rolled  oats .  5 

Rolled  barley .  5 

Wheat  germ .  5 

Meat  meal .  4 

Wheat  bran .  3 

Ground  peas .  3 

Soybean-oil  meal .  2 

Fish  meal .  1 

Cod-liver  meal .  0.5 

Cod-liver  oil .  1  pt. 


Bone  meal,  oyster  shell,  and  grit  are 
fed  in  hoppers. 

The  mash  mixture  only  is  fed  for  the 
first  6  weeks;  then  the  following  scratch 
mixture  is  also  fed: 


Wheat .  66 

Cracked  corn .  34 


Washington  State  Chick  Diets 
Diet  No.  1 

Protein  Supplement  Incorporated  in  Mash 
Chick  Starting  Mash  No.  1  Developing  Mash  No.  1 


40  lb.  ground  yellow  corn 

15  lb.  ground  yellow  corn 

10  lb.  ground  wheat 

10  lb.  ground  wheat 

12  lb.  finely  ground  heavy  oats 

34  lb.  finely  ground  heavy  oats 

15  lb.  wheat  bran 

18  lb.  millrun 

5  lb.  dehydrated  alfalfa 

5  lb.  dehydrated  alfalfa 

5  lb.  meat  scrap 

5  lb.  meat  scrap 

5  lb.  fish  meal 

7  lb.  fish  meal 

5  lb.  skim-milk  powder 

1  lb.  steamed  bone  meal 

2  lb.  ground  oyster  shell  or  limestone 

4  lb.  ground  oyster  shell  or  limestone 

1  lb.  salt 

1  lb.  salt 

1  lb.  biologically  tested  cod-liver  oil  or 

1  lb.  biologically  tested  cod-liver  oil  or 

fish  oil  or  its  equivalent  in  con¬ 

fish  oil  or  its  equivalent  in  con¬ 

centrated  vitamin  D 

centrated  vitamin  D1 

Diet  No.  2 

Protein  Supplement  Fed 

in  Form  of  Liquid  Milk 

Chick  Starting  Mash  No.  2 

Developing  Mash  No.  2 

40  lb.  ground  yellow  corn 

15  lb.  ground  yellow  corn 

20  lb.  ground  wheat 

20  lb.  ground  wheat 

15  lb.  finely  ground  heavy  oats 

38  lb.  finely  ground  heavy  oats 

15  lb.  wheat  bran 

15  lb.  millrun 

5  lb.  dehydrated  alfalfa 

5  lb.  dehydrated  alfalfa 

1  lb.  steamed  bone  meal 

2  lb.  steamed  bone  meal 

3  lb.  ground  oyster  shell  or  limestone 

4  lb.  ground  oyster  shell  or  limestone 

1  lb.  salt 

1  lb.  salt 

1  lb.  biologically  tested  cod-liver  oil  or 

1  lb.  biologically  tested  cod-liver  oil  or 

fish  oil  or  its  equivalent  in  con¬ 

fish  oil  or  its  equivalent  in  con¬ 

centrated  vitamin  D 

centrated  vitamin  D1 

1  During  the  months  of  June,  July,  August,  and  September,  it  is  not  necessary  to  use  a  Vitamin  D  oil 
in  developing  mashes  No.  1  and  No.  2. 
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Scratch  Grains  for  Diets  No.  1  and  No.  2 
Chick  Scratch  Intermediate  Scratch  Developing  Scratch 

200  lb.  steel-cut  wheat  200  lb.  whole  wheat  300  lb.  whole  wheat 

100  lb.  No.  2  fine-cracked  100  lb.  No.  2  medium-  100  lb.  whole  yellow  com 
yellow  com  cracked  yellow  corn 


Wisconsin  Chick  Diet  No.  2 
Mash  Mixture 

Ground  yellow  corn .  45  This  mash  mixture  only  is  fed  for  the 


Pure-wheat  bran .  15 

Pure-wheat  middlings .  15 

Meat  scrap .  8 

Dried  milk .  8 

Alfalfa-leaf  meal .  5 

Ovster-shell  or  limestone  grit .  1.5 

Granite  grit .  1.5 

Iodized  stock  salt .  0.5 

Cod-liver  or  sardine  oil .  0.5 


first  4  weeks,  after  which  grains  are  fed, 
starting  with  wheat. 

With  chicks  on  good  green  pasture  the 
alfalfa  meal  is  omitted,  and  ground  grains 
are  substituted. 

If  skim  milk  is  high  in  price  and 
pasture  is  good,  the  skim  milk  is  omitted 
after  4  to  6  weeks. 


The  various  diets  for  growing  chicks  given  above  which  are  recom¬ 
mended  by  different  institutions  exhibit  several  interesting  features.  All¬ 
mash  feeding  for  the  first  few  weeks  is  generally  recommended.  The 
cereal  grains,  corn,  wheat,  oats,  and  barley,  appear  to  be  interchangeable, 
although  corn  is  the  preferred  grain.  The  supplements  used  vary  a  great 
deal  as  between  diets,  although  the  proportion  of  protein  supplements  to 
grain  is  approximately  the  same  in  all  the  diets.  It  should  be  noted  that 
feeding  a  scratch  mixture  starting  at  about  6  to  8  weeks  results  in  reducing 
the  percentage  of  protein  in  the  diet.  Although  a  high  protein  content  is 
desirable  for  the  first  few  weeks,  it  should  be  lowered  somewhat  after  this 
period  especially  in  the  case  of  pullets  being  raised  for  egg  production. 

Diets  for  Broilers. — In  commercial  broiler  production  it  is  desirable 
to  secure  as  rapid  growth  as  possible,  hence  a  relatively  high  protein 
content  of  the  diet  is  necessary.  For  this  reason  broilers  are  fed  diets 
similar  to  some  of  the  mash  mixtures  given  above  up  to  the  time  the 
broilers  are  marketed,  which  on  the  average  is  about  12  weeks.  Cock¬ 
erels  that  are  raised  incidental  to  the  raising  of  pullets  for  the  replacement 
of  the  laying  flocks  should  be  separated  from  the  pullets  at  from  6  to  8 
weeks  of  age  and  fed  much  the  same  as  before  being  separated.  All 
diets  for  broilers  should  probably  contain  some  form  of  milk. 

Diets  for  Fattening. — Birds  that  are  fed  special  fattening  diets  before 
being  marketed  include  fryers,  roasters,  capons,  sometimes  broilers, 
and  laying  hens  that  have  outlived  their  usefulness  as  layers.  In  the 
case  of  young  birds  fed  a  special  fattening  diet  much  of  the  increase 
in  body  weight  is  due  to  the  growth  of  various  tissues,  but  there  is  also  a 
considerable  amount  of  deposition  of  fat  if  a  good  fattening  diet  is  used. 
Hens  are  frequently  fat  enough  without  being  fed  a  fattening  diet,  but  if 
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they  happen  to  be  thin  in  flesh  a  short  period  of  fattening  will  prove 
profitable.  The  birds  may  be  fattened  in  pens  or  in  specially  designed 
fattening  batteries.  As  a  matter  of  fact,  very  little  fattening  of  poultry 
is  now  done  on  the  farm,  since  most  of  the  commercially  dressed  poultry 
is  fattened  in  feeding  stations  operated  by  the  various  packing-house 
companies.  Before  being  placed  in  the  batteries  the  chickens  should  be 
carefully  graded  for  condition  and  finish,  because  some  birds  will  require 
to  be  fattened  for  a  longer  period  than  others. 

The  results  secured  in  the  fattening  of  poultry  depend  not  only  upon 
the  age  and  condition  of  the  birds  when  they  are  placed  in  the  fattening 
batteries  but  also  upon  the  kind  of  diet  fed  and  the  method  of  feeding. 
The  birds  should  be  sorted  carefully  according  to  size  and  condition. 
Generally  speaking,  three  feedings  daily  are  advisable.  The  fattening 
period  should  be  continued  as  long  as  economical  gains  in  weight  are 
being  made,  the  period  usually  extending  from  about  7  to  about  21  days. 

The  fattening  diet  should  be  of  such  consistency  that  it  will  pour 
readily  into  the  V-shaped  trough.  The  proper  consistency  is  usually 
obtained  when  about  60  per  cent  of  water  is  added  to  the  mash  mixture. 

While  the  birds  are  being  fattened  they  should  be  kept  as  quiet  as 
possible  at  all  times.  The  temperature  of  the  fattening  room  should  be 
kept  as  even  as  possible,  particular  care  being  taken  to  avoid  excessively 
hot  weather. 


Macdonald  College  Fattening  Diets 


Feed 

No.  1 

No.  2 

No.  3 

No.  4 

• 

Ground  yellow  corn . 

22.75 

22.50 

30.00 

23.25 

Ground  wheat . 

22.75 

22.50 

23 . 25 

Ground  oats . 

22.75 

22.50 

30.00 

23.25 

Ground  barley . 

22.75 

22.50 

30.00 

23 . 25 

Beef  meal . 

3.50 

3.50 

3.50 

3.50 

Powdered  milk . 

2.50 

2.50 

2.50 

2.50 

Crude-corn  oil . 

2.00 

2.00 

2.00 

Bone  char  or  charcoal . 

1.00 

1.00 

Salt . 

1.00 

1.00 

1.00 

1.00 

The  following  suggestions  are  offered  concerning  the  purpose  for  which 
each  of  the  foregoing  diets  is  intended: 

Diet  No. 


1  .  For  commercial  feeding  on  short  periods — 4  to  8  days — any  class  of 

stock.  Three  full  feeds  per  day — half-hour  feeding  period 

2  .  For  commercial  feeding  where  white  skin  and  fat  finish  is  desired.  Add 

1  per  cent  bone  char  or  English  nut  charcoal  to  the  diet 

3  .  For  pen  feeding  or  range  finishing  of  broilers.  Dry-mash  fed  ad  libitum 

in  hoppers  and  two  wet-mash  feedings  per  day,  giving  as  much  as  will 
be  cleaned  up  readily 
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Diet  No. 

4 .  For  farm  fattening  (confinement  in  crates  or  pen  feeding) — 14-day 

feeding  period.  Three  full  feeds  daily — 4£-hr.  feeding  period.  If 
liquid  skim  milk  or  buttermilk  is  available  for  mixing  the  wet  mash,  the 
beef  meal  and  powdered  milk  may  be  omitted  from  the  diet. 

Diets  for  the  Developing  Pullets. — Reducing  the  percentage  of  the 
protein  content  of  the  chick  diet  at  about  6  to  8  weeks  of  age  is  a  sound 
practice,  particularly  with  respect  to  the  pullets  that  are  being  raised  for 
laying  purposes.  A  high  protein  diet  stimulates  excessively  rapid  growth 
and  is  uneconomical  because  a  less  expensive  lower  protein  diet  not  only 
induces  sufficiently  rapid  growth  but  enables  the  pullets  to  accumulate 
some  fat  for  the  onset  of  egg  production.  Rearing  the  pullets  on  good 
range  where  green  feed  is  abundant  and  shade  available  is  probably  the 
best  way  of  preparing  them  as  efficient  layers.  In  many  cases  it  is  some¬ 
times  wise  to  close  the  mash  hoppers  about  3  o’clock  in  the  afternoon  to 
induce  the  pullets  to  consume  more  whole  or  cracked  grain.  Feeding 
the  whole  or  cracked  grain  in  hoppers  has  been  practiced  with  good 
results.  At  any  rate,  as  laying  time  approaches  it  is  very  important 
that  the  birds  be  of  good  body  size  and  in  the  best  possible  condition. 

Diets  for  Layers. — The  mash  mixtures  listed  in  the  table  shown 
on  p.  325  are  those  recommended  by  widely  scattered  institutions, 
although  some  of  the  institutions  recommend  a  choice  of  two  or  more 
mash  mixtures.  In  most  cases  scratch  grain  is  fed  in  addition  to  the  mash 
mixture,  the  birds  being  fed  so  that  they  consume  approximately  equal 
parts  of  scratch  grains  and  mash  mixture.  The  scratch-grain  portion  of 
the  diet  should  preferably  consist  of  a  mixture  of  at  least  two  and 
preferably  three  of  the  staple  grains  corn,  wheat,  oats,  and  barley.  When 
the  layers  are  confined,  a  good  vitamin  D  supplement  should  be  added 
to  the  mash  mixture. 

It  is  quite  apparent  from  the  different  combinations  of  grains  and 
protein  supplements  that  it  is  possible  to  vary  the  mash  mixture  from  a 
fairly  simple  to  a  rather  complex  one.  As  a  matter  of  fact,  many  different 
mash  mixtures  can  be  recommended  provided  there  is  a  proper  balance 
between  the  grain  portion  and  the  protein-supplement  portion  of  the 
mixture  and  also  provided  that  protein  supplements  of  good  quality  are 
used. 

Where  liquid  skim  milk  is  available  as  a  drink  it  is  possible  to  use 
such  a  simple  mixture  as  equal  parts  yellow  cornmeal,  crushed  oats,  wheat 
bran,  wheat  middlings,  and  good-quality  meat  scraps,  provided  about 
1  per  cent  by  weight  of  salt  and  of  cod-liver  oil  is  added  and  good  green 
leafy  alfalfa  hay  is  fed  in  a  rack.  Such  a  mash  mixture  may  not  be  so 
well  balanced  as  it  should  be  but  is  a  good  mixture  for  practical  farm  use 
where  liquid  skim  milk  is  available. 
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Diets  for  Molting  Hens. — In  almost  any  flock  the  molting  process 
extends  from  early  summer  to  late  fall,  the  poorest  layers  usually  begin¬ 
ning  to  molt  much  earlier  in  the  season  than  the  best  layers.  In  order 
to  have  the  molting  of  the  entire  flock  completed  fairly  early  in  the  season 
so  that  the  flock  will  lay  at  a  good  rate  in  the  fall  when  egg  prices  are 
high,  some  flock  owners  practice  the  forced  molting  of  their  flocks.  Birds 


Laying-mash  Mixtures 


California 

Pounds 

Ontario 

Pounds 

Yellow  corn  meal . 

30 

Ground  yellow  corn . 

20 

Ground  barley . 

15 

Rolled  wheat . 

22.5 

Wheat  bran . 

15 

Crushed  oats . 

15 

Ground  wheat . 

10 

White-hominy  feed . 

10 

Fish  meal,  65  per  cent  crude  pro- 

Wheat  germ . 

7 . 5 

tein . 

12.5 

Corn  feed  or  yellow  hominy .  .  . 

5 

Alfalfa  meal . 

7.5 

Rolled  barley . 

5 

Dried  skim  milk . 

5.0 

Meat  meal . 

4 

Bone  meal . 

2.0 

Wheat  bran . 

2.5 

Ground  limestone  or  oyster  shell . 

2.0 

Banner-oat  feed . 

2.5 

Salt . 

1.0 

Powdered  milk . 

1.5 

Fish  meal . 

1 . 5 

Ground  soybean-oil  meal . 

1 

Ground  peas . 

1 

Cod-liver  meal . 

0.5 

Iodized  salt . 

0.5 

Texas 

Pounds 

Wisconsin 

Pounds 

Ground  corn  or  milo  maize . 

20 

Wheat  bran . 

28.25 

Wheat  bran . 

20 

Wheat  middlings . 

28 . 25 

Wheat  gray  shorts . 

20 

Ground  yellow  corn . 

19 

Ground  whole  oats . 

15 

Meat  scrap . 

14  5 

Meat  and  bone  scrap . 

10 

Dried  milk . 

4.5 

Sardine  meal . 

10 

Alfalfa  meal . 

4 . 5 

Alfalfa-leaf  meal . 

3 

Salt . 

1 

Chick-size  oyster  shell . 

1 

Salt . 

1 

that  were  hatched  before  the  first  of  April  are  much  better  suited  for 
forced  molting  than  later  hatched  birds,  and  only  flocks  that  are  in  good 
physical  condition  should  be  force  molted.  The  Washington  State 
College  of  Agriculture  recommends  a  strict  procedure  for  successful 
forced  molting. 

The  period  between  July  1  and  July  15  is  considered  the  best  time  for 
starting  to  force  molt  the  flock,  which  should  be  culled  thoroughly.  The 
first  step  in  forcing  the  molt  is  to  remove  all  mash,  withhold  water  for 
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24  hr.,  and  then  remove  the  water  every  afternoon  until  egg  production 
takes  a  drastic  drop.  Artificial  lights  should  not  be  used.  Feed  grain 
sparingly,  using  mostly  heavy  whole  oats,  allowing  about  6  lb.  daily  per 
100  birds.  Feed  green  feed  and  cod-liver  oil  but  no  milk,  and  keep  hard 
granite  grit  in  the  hoppers.  The  molting  period  usually  requires  from 
15  to  23  days. 

The  resting  period  starts  after  most  of  the  feathers  have  been  shed 
and  continues  for  approximately  6  weeks.  The  birds  should  have  access 
to  good  range  and  should  be  fed  3  lb.  of  wheat  bran  daily  per  100  birds  in 
addition  to  about  9  lb.  of  grain  in  three  feedings  daily  in  deep  litter.  An 
abundant  supply  of  fresh  water  should  be  available  at  all  times  but  no 
milk.  Artificial  lights  should  not  be  used.  Hard  granite  grit  and  oyster 
shell  should  be  kept  in  the  hoppers. 

Beginning  with  the  seventh  week  the  birds  should  be  confined  to  the 
house,  put  on  a  14-hr.  day  of  artificial  lighting,  and  fed  laying  mash  and 
7  to  9  lb.  of  scratch  grains  daily  per  100  birds.  Add  cod-liver  oil  to  the 
mash.  Plenty  of  water  should  be  given  as  well  as  green  feed  or  fresh 
yellow  carrots,  and  hard  granite  grit  and  oyster  shell  should  be  available 
in  hoppers.  During  the  next  6  months  egg  production  should  not  be 
expected  to  exceed  an  average  of  45  to  60  per  cent. 

Diets  for  Breeders. — The  diet  for  breeding  stock  should  be  designed 
primarily  for  the  production  of  eggs  of  the  highest  possible  quality.  It  is 
essentially  the  same  as  the  diet  for  layers  except  that  greater  care  should 
be  taken  to  see  that  it  contains  an  abundance  of  vitamins  D,  E,  riboflavin, 
and  the  filtrate  factor  and  is  well  balanced  with  respect  to  calcium  and 
phosphorus.  The  two  following  diets  show  how  these  various  factors  are 
presumably  provided  for. 


Diets  for  Breeders 


Pennsylvania 

Pounds 

Washington 

Pounds 

Mash  mixture 

Mash  mixture 

Ground  yellow  com . 

34.5 

Mill  run . 

27 

Wheat  bran . 

15 

Ground  yellow  corn . 

15 

Wheat  middlings . 

15 

Ground  wheat . 

15 

Ground  heavy  oats . 

10 

Ground  oats . 

10 

Alfalfa  meal . 

7 

Dehydrated  alfalfa . 

10 

Dried  milk . 

7 

Meat  scrap,  55  per  cent  protein 

6.5 

Meat  scrap . 

5 

Fish  meal,  70  per  cent  protein. . 

6 . 5 

Fish  meal . 

5 

Powdered  skim  milk . 

5 

Finely  ground  oyster  shell . 

1 

Ground  oyster  shell . 

2 

Salt . 

0.5 

Bone  meal . 

2 

Cod-liver  or  sardine  oil . 

2 

Salt . 

1 

Cod-liver  oil . 

2 

Scratch  mixture 

Scratch  mixture 

Whole  or  cracked  corn . 

50 

Whole  wheat . 

60 

Wheat . 

50 

Whole  yellow  com . 

40 
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Whether  or  not  diets  such  as  those  given  here  for  breeding  females 
are  the  best  also  for  breeding  males  has  never  been  determined,  but 
judging  from  the  results  in  fertility  and  hatehability  of  eggs  produced  by 
many  flocks  of  males  and  females  fed  these  or  similar  diets  it  is  presumed 
that  they  are  satisfactory. 

FEED  CONSUMPTION  IN  RELATION  TO  GROWTH  AND  EGG  PRODUCTION 

The  amount  of  feed  consumed  by  chickens  in  a  given  time  or  to  pro¬ 
duce  a  certain  gain  in  body  weight  is  of  very  great  interest  to  the  flock 
owner,  because  the  cost  of  feed  is  the  largest  single  cost  factor  in  raising 
chickens  or  in  egg  production.  The  amount  of  feed  necessary  for  the 
production  of  broilers,  roasters,  or  eggs  is  determined  by  a  large  number  of 
factors,  including  the  inherent  capacity  for  growth,  the  ability  to  utilize 
feed  efficiently,  the  laying  ability,  the  kind  of  diet,  and  the  method  of 
feeding.  Each  factor  plays  its  part  in  its  respective  field  and  must  be 
taken  into  consideration. 

For  those  who  desire  to  know  the  approximate  number  of  pounds  of 
feed  consumed  and  average  body  weights  attained  at  different  ages,  the 
following  table  is  given. 


Table  48. — Feed  Consumption  and  Weight  of  Single-comb  White  Leghorn 

Chicks  Grown  in  Confinement 
(Charles  and  Knandel,  1928) 


Weeks 

Weekly  feed  consumption  per  100  chicks,  pounds 

Average  weight 
per  chick,  pounds 

Grain 

Mash 

Total 

1 

1.11 

13.99 

15.10 

0.117 

2 

4.99 

22.30 

27.29 

0.190 

3 

8.28 

24.10 

32.38 

0.303 

4 

11.78 

27.49 

39.27 

0.444 

5 

16.24 

35 . 25 

51.49 

0 . 565 

61 

21.38 

37.47 

58 . 85 

0.787 

7 

28.16 

41.46 

69.62 

0.898 

8 

30.11 

47.41 

77.52 

1.104 

9 

32.27 

46.18 

78.45 

1.202 

10 

38.00 

52.40 

90.40 

1.38 

11 

43.26 

46.39 

89.65 

1.58 

12 

49.59 

39.10 

88.69 

1.69 

13 

48.47 

46.07 

94.54 

1.87 

14 

48.41 

46.83 

95.24 

2.07 

15 

53 . 75 

41.66 

95.41 

2.42 

16 

57.93 

50.26 

108.19 

2 . 51 

17 

60.97 

42.88 

103.85 

2.75 

18 

67.33 

53.01 

120.34 

2.82 

19 

63.75 

62.50 

126.25 

3.02 

Total . 

685 . 78 

776 . 75 

1.462.53 

1  Cockerels  removed  at  the  end  of  sixth  week. 
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Since  feed  consumption  is  of  relatively  greater  importance  than  age 
in  determining  gain  in  body  weight,  the  poultryman  should  be  interested 
in  knowing  the  approximate  number  of  pounds  of  feed  required  to  produce 
a  chicken  of  a  certain  body  weight.  Broiler  producers  as  well  as  those 
who  raise  fryers  and  roasters  should  be  very  much  interested  in  data  such 
as  those  given  in  the  following  table. 


Table  49. — The  Amount  of  Feed  Required  to  Obtain  Certain  Selected  Average 
Live  Weights  with  Different  Classes  of  Chickens 

(Titus,  1937) 


Average  live 
weight,  pounds 

Feed  required  per  bird,  pounds 

W.  Leghorns, 
males  and  females1 

Crossbreds,2 

males 

R.  I.  Reds, 
males 

0.5 

1.38 

1.29 

1.12 

1.0 

3.18 

2.91 

2.53 

1.5 

5.27 

4.65 

4.05 

2.0 

7.75 

6.52 

5.69 

2.5 

10.80 

8.56 

7.49 

3.0 

14.75 

10.78 

9.46 

3.5 

20.39 

13.24 

11.66 

4.0 

15.97 

14.13 

4.5 

19.07 

16.95 

5.0 

22.62 

20.25 

1  For  a  group  containing  approximately  the  same  number  of  birds  of  each  sex. 

2  The  male  offspring  resulting  from  mating  Barred  Plymouth  Rock  females  to  Rhode  Island  Red 
males. 


Comparable  data  for  Crossbred  and  Rhode  Island  Red  females  would 
be  approximately  10  per  cent  below  the  values  given  for  the  males. 

The  amount  of  feed  consumed  during  the  fattening  period  is  influenced 
by  the  size  of  the  birds  being  fattened,  the  kind  of  diet  being  fed,  the 
weather,  and  other  environmental  factors.  In  an  extensive  series  of 
fattening  trials  conducted  at  Macdonald  College  it  was  found  that  roasters 
/  weighing  about  5.5  lb.  on  the  average  consumed  approximately  2.50, 
2.75,  3.75,  and  5.75  lb.  of  feed  when  fattened  for  7,  10,  14,  and  21  days, 
respectively. 

The  amount  of  feed  consumed  by  laying  pullets  during  the  first  year 
of  egg  production  has  been  determined  at  several  institutions,  the  more 
important  factors  affecting  the  amount  consumed  being  the  kind  of  diet, 
the  size  of  the  birds,  and  the  number  of  eggs  laid.  From  data  obtained 
^at  a  number  of  state  experiment  stations  it  is  found  that  Leghorns  laying 
an  average  of  approximately  150  eggs  per  bird  consume  about  70  to  85  lb. 
of  feed  per  year  and  that  Plymouth  Rocks  and  other  breeds  of  similar 
size  with  an  average  egg  production  of  150  eggs  consume  about  80  to 
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95  lb.  per  year.  The  relationship  between  egg  production  and  feed 
consumption  is  borne  out  by  the  data  in  the  following  table,  which  gives 
the  average  number  of  pounds  of  feed  required  to  produce  one  dozen 
eggs  by  groups  of  White  Leghorns  differing  in  average  egg  production 
per  bird. 


Table  50. — Pounds  of  Feed  Consumed  per  Dozen  Eggs  Produced,  According 
to  Average  Egg  Production  per  Bird,  in  White  Leghorns 

(Waite,  1934) 


Average  egg 
production 
per  bird 

Average  No.  pounds 
feed  consumed  per 
bird 

Average  No.  pounds 
feed  per  dozen 
eggs 

117.7 

69.30 

7.06 

136.6 

71.41 

6.28 

145.0 

73.25 

6.06 

156.3 

75.32 

5.78 

165.8 

76.67 

5.55 

175.0 

77.82 

5.34 

185.0 

78.64 

5.10 

194.4 

80.99 

5.00 

204.8 

81.02 

4.75 

214.8 

81.84 

4.57 

224.6 

83.48 

4.46 

234.1 

84 . 28 

4.32 

243 . 9 

85.36 

4.20 

253.9 

87.03 

4.11 

269.2 

83.73 

3.73 

The  data  in  this  table  show  that  the  higher  the  egg  production  the 
greater  the  feed  consumption  per  bird  but  the  fewer  the  number  of  pounds 
of  feed  required  to  produce  a  dozen  eggs.  The  poor  layers  used  relatively 
more  of  the  feed  that  they  consumed  for  maintenance  of  body  weight  than 
the  good  producers. 

EFFECT  OF  FEED  ON  PRODUCT 

The  results  of  studies  on  the  effect  of  feed  on  the  physical  and  chemical 
composition  of  poultry  meat  and  eggs  are  of  immense  importance  to 
producers  because  of  their  possible  relationship  to  consumer  demand  for 
poultry  products  of  various  kinds.  Research  work  carried  on  during 
recent  years  has  demonstrated  that  for  the  most  part  the  chemical  com¬ 
position  of  poultry  meat  and  eggs  is  not  altered  significantly  by  the  diet 
that  the  birds  are  given.  On  the  other  hand,  it  has  been  demonstrated 
repeatedly  that  diet  does  have  an  important  bearing  on  some  of  the 
physical  properties  of  poultry  products. 
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Diet,  Composition  and  Quality  of  Flesh. — As  the  result  of  observa¬ 
tions  made  at  Macdonald  College  in  Canada,  Cambridge  University  in 
England,  the  National  Agricultural  Research  Center  in  the  United  States, 
and  other  institutions,  it  may  be  stated  that  diet  has  little  effect  on  the 
chemical  composition  of  the  carcass  but  that  the  percentage  of  fat  in  the 
carcass  is  increased,  of  course,  as  the  result  of  fattening. 

Work  at  the  National  Agricultural  Research  Center  has  shown  that, 
as  the  result  of  fattening,  relatively  large  quantities  of  fat  and  water  are 
deposited  in  the  adipose  tissues  of  the  cockerels.  Although  the  total  fat 
content  of  the  body  increases  considerably  in  the  case  of  mature  birds  on 
a  good  fattening  diet,  the  percentage  increase  in  the  water  content  of  the 
edible  portions  is  greater  than  that  of  fat.  It  has  also  been  demonstrated 
that  the  vitamin  A  content  of  the  livers  of  chicks  that  received  0.5  per 
cent  of  sardine  oil  as  a  supplement  to  their  diet  was  about  four  times 
greater  than  that  of  the  livers  from  chicks  that  received  0.25  per  cent  of 
sardine  oil.  Work  at  the  University  of  California  demonstrated  a  direct 
correlation  between  the  storage  of  vitamin  A  in  the  liver  of  chickens  and 
the  vitamin  A  content  of  the  diet. 

On  the  other  hand,  as  the  result  of  observations  made  at  Macdonald 
College,  it  would  appear  that  the  protein  and  fat  content  of  the  carcass 
was  not  significantly  influenced  by  the  protein  level  of  the  diet. 

Work  with  the  four  cereal  grains,  cornmeal,  ground  wheat,  ground 
oats,  and  ground  barley,  at  Macdonald  College  showed  that  the  deposition 
of  fat  varied  according  to  the  cereal  used.  The  differences  are  probably 
not  significant,  however,  judging  by  the  results  of  fattening  trials  con¬ 
ducted  by  the  Canadian  Department  of  Agriculture. 


Table  51. — Distribution  of  the  Carcass  Fat  of  Rhode  Island  Red  Cockerels 

Fattened  21  Days  on  Single-grain  Diets 
(Maw,  1935) 


Cereal  diet 

Distribution  of  carcass  fat, 
percentage  in 

Flesh 

Skin 

Abdomen 

Cornmeal . 

30 

55 

15 

Ground  barley . 

26 

59 

15 

Ground  oats . 

22 

57 

21 

Ground  wheat . 

20 

60 

20 

Birds  fattened  on  either  ground  oats  or  ground  wheat  have  a  much 
lighter  colored  skin  than  those  fattened  on  either  cornmeal  or  ground 
barley.  Those  fattened  on  cornmeal  when  tasted  were  adjudged  as  being 
superior  in  flavor  and  moisture  content  of  flesh;  whereas  the  birds  fed  on 


FEEDING  PRACTICE 


331 


ground  wheat  were  regarded  as  lacking  in  flavor,  and  the  flesh  was  dry. 
The  flesh  of  the  barley-  and  oat-fed  birds  was  intermediate. 

The  hardness  or  softness  of  the  fat  deposited  during  fattening  is 
influenced  by  the  character  of  the  fattening  diet,  as  shown  by  the  results 
secured  at  Cambridge  University.  Cereal  grains  produce  a  moderately 
soft  carcass  fat.  If  mutton  fat  is  added  to  the  fattening  diet,  this  prac¬ 
tice  having  sometimes  prevailed  in  England,  the  carcass  fat  is  inclined  to 
be  quite  hard,  whereas  when  linseed  and  certain  other  oils  are  added  to 
the  diet  the  carcass  fat  is  inclined  to  be  very  soft.  Palm  oil  fed  at  a  level 
of  8  per  cent  of  the  fattening  diet  was  found  to  produce  a  desirable  carcass 
fat,  palatability  tests  of  roasted  birds  giving  favorable  results. 

The  color  and  flavor  of  the  carcass  may  be  affected  by  diet.  It  has 
already  been  observed  that  a  yellow-corn  fattening  diet  produces  a  bright 
yellow-colored  carcass,  whereas  wheat-  and  oats-fattened  birds  have  a 
whitish-colored  carcass.  Bone  char  added  to  the  fattening  diet  in  small 
quantities  produces  a  light-colored  skin,  regardless  of  the  amount  of 
yellow  corn  used.  Cod-  or  other  fish-liver  oils,  if  fed  up  to  slaughter 
time,  sometimes  produce  a  “fishy”  flavor  in  the  flesh;  the  oil  should  not 
be  fed  for  at  least  2  weeks  previous  to  slaughtering. 

Diet,  Composition  and  Quality  of  Eggs. — The  results  secured  at  the 
National  Agricultural  Research  Center  from  feeding  several  diets  that 
differed  rather  widely  show  quite  conclusively  that  the  chemical  composi¬ 
tion  of  eggs  is  influenced  to  a  very  slight  extent  by  diet.  The  white  of  the 
egg  was  less  affected  than  the  yolk.  Eggs  from  hens  fed  diets  derived 
chiefly  from  plant  sources  contained  more  fat  in  the  dry  matter  of  the 
yolks  but  less  protein  in  the  dry  matter  of  the  white  than  eggs  from  hens 
fed  diets  of  much  simpler  composition.  A  diet  containing  crab  meal  as 
the  only  source  of  animal  protein  led  to  the  production  of  eggs  containing 
a  greater  percentage  of  protein  but  a  smaller  percentage  of  fat  in  the  dry 
matter  of  the  yolks  than  the  eggs  produced  from  all  other  diets  tested. 
Even  then  the  difference  was  small. 

Although  it  has  been  pointed  out  previously  that  according  to  the 
Cambridge  University  findings  there  is  a  close  relationship  between 
the  fats  contained  in  the  diet  and  those  deposited  in  the  body  of  the 
fowl,  the  relationship  does  not  hold  to  the  same  extent  with  respect  to 
the  fats  deposited  in  the  yolk.  The  California  Experiment  Station  has 
shown  that  fat  deposited  in  the  body  is  not  used  to  any  important  extent 
in  the  formation  of  yolk  fat.  The  Cambridge  University  findings  were 
to  the  effect  that  while  the  degree  of  saturation  and  the  proportion  of  the 
component  fatty  acids  could  be  modified  considerably  by  the  ingestion  of 
unsaturated  fatty  acids,  the  ingestion  of  saturated  acids  had  relative^ 
little  effect  in  altering  the  normal  composition  of  the  mixed  fatty  acids 
of  the  egg  fat. 
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It  is  well  known  that  diet  has  a  very  direct  effect  on  the  color  of  the 
yolk,  diets  containing  green  feed  producing  much  darker  yellow-colored 
yolks  than  similar  diets  minus  the  green  feed.  Yellow  corn  produces 
much  darker  yellow-colored  yolks  than  white  corn.  Green  feeds  and 
yellow  corn  are  relatively  rich  in  a  pigment  called  “xanthophyll,”  and 
dark  yellow-colored  yolks  are  also  rich  in  the  same  pigment.  At  the 
same  time,  it  should  be  noted  that  hens  can  deposit  several  other  pigments 
in  the  yolk,  e.g.,  Sudan  III,  the  pigments  of  pimiento  pepper  and  the 
pigments  of  Chili  pepper.  Hens  fed  relatively  large  amounts  of  pimiento 
pepper  lay  eggs  the  yolks  of  which  are  yellow-red  in  appearance. 

The  change  from  light  to  dark  yellow  eggs  follows  within  a  day  or  two 
after  pigmented  feeds  are  added  to  the  diet.  Since  some  markets  dis¬ 
criminate  against  eggs  having  dark  yellow  yolks,  some  poultrymen  make 
a  practice  of  keeping  their  laying  birds  confined  until  sometime  in  the 
afternoon  for  the  purpose  of  reducing  the  amount  of  grass  or  other  green 
feed  consumed.  In  so  far  as  known,  no  evidence  has  been  presented  to 
show  that  the  amount  of  green  feed  consumed  or  that  diet  in  general  has 
any  bearing  on  the  production  of  “  watery  eggs.” 

The  Kansas  Experiment  Station  has  reported  that  two  members  of  the 
mustard  family,  Shepherd’s  purse  and  penny  cress,  impart  an  olive  color 
to  yolks,  but  the  Oklahoma  Experiment  Station  failed  to  note  any  yolk 
discoloration  after  feeding  all  the  chopped  Shepherd’s  purse  that  birds 
would  eat  three  times  daily  for  2  months.  The  same  was  found  to  be 
true  of  penny  cress,  although  but  little  was  consumed.  The  feeding 
of  rape  also  failed  to  discolor  the  yolks. 

Hens  fed  diets  containing  30  per  cent  of  linseed  meal  or  soybean  meal 
laid  eggs  with  discolored  yolks,  according  to  the  Oklahoma  Experiment 
Station  findings.  The  same  levels  of  peanut  meal  and  corn-gluten  meal 
failed  to  produce  discolored  yolks.  Work  at  the  Delaware  Experiment 
Station  showed  that  an  all-mash  diet  could  contain  as  much  as  10.4  per 
cent  of  ground  soybeans  without  affecting  yolk  color  or  the  keeping 
quality  of  eggs  stored  as  long  as  9  months.  Cottonseed  meal  when  fed 
above  a  5  per  cent  level  in  the  diet  produces  discolored  yolks,  the  free  or 
bound  gossypol  of  the  cottonseed  being  the  causative  factor,  according 
to  the  Michigan  Experiment  Station. 

The  California  Experiment  Station  has  shown  that  hens  consuming 
considerable  quantities  of  common  cheese  weed  lay  eggs  the  whites  of 
which  have  a  pinkish  color  after  the  eggs  have  been  placed  in  cold  storage. 

When  hens  are  fed  a  normal  diet,  lutein  and  zeaxanthin  are  the  chief 
caroteinoid  pigments  of  the  xanthophyll  group  present  in  egg  yolks,  the 
other  pigments  being  cryptoxanthin  and  carotene.  The  Kansas  Experi¬ 
ment  Station  has  shown  that  as  the  xanthophyll  content  of  the  diet  was 
increased  the  xanthophylls  deposited  in  the  egg  yolk  increased.  The 
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results  secured  at  the  Western  Washington  Experiment  Station  indicate, 
however,  that  as  the  quantity  of  xanthophylls  transmitted  to  the  yolk 
are  increased,  relatively  larger  quantities  of  xanthophyl  pigments  are 
required  in  the  diet  to  produce  noticeable  changes  in  the  yolk. 

In  a  general  sense,  at  least,  there  is  a  relationship  between  the  color 
of  the  yolk  and  its  vitamin  A  content,  the  higher  the  yellow  color  of  the 
yolk  the  richer  being  its  content  in  vitamin  A.  An  exception,  by  way  of 
illustration,  might  be  noted  in  the  feeding  of  a  diet  of  white  corn  supple¬ 
mented  by  cod-liver  oil  which  might  conceivably  lead  to  the  production 
of  eggs  with  relatively  pale-colored  yellow  yolks  of  high  vitamin  A  con¬ 
tent.  At  Cambridge  University  it  was  found  that  the  administration  of 
cod-liver  oil  to  a  laying  hen  at  the  rate  of  10  per  cent  of  the  diet,  which  was 
otherwise  low  in  vitamin  A  and  carotene,  resulted  in  the  doubling  of  the 
vitamin  A  content  of  the  eggs  laid.  In  the  same  experiment  it  was  found 
that  the  intensive  administration  of  vitamin  A  raised  the  concentration 
of  the  vitamin  A  content  in  the  egg  to  about  five  times  the  level  found 
in  the  basal  diet.  It  was  concluded  that  the  transfer  of  vitamin  A  to  the 
egg  is  limited  and  decreases  relatively  as  the  intake  increases. 

According  to  observations  made  at  the  Ohio  Experiment  Station,  the 
vitamin  D  secreted  into  the  egg  is  in  the  same  biological  form  as  fed  to  the 
laying  bird.  The  storage  of  vitamin  D  in  the  yolk  was  found  to  be  pro¬ 
portional  to  the  vitamin  D  content  of  the  diet  up  to  a  level  of 
2  per  cent  cod-liver  oil,  according  to  work  done  by  the  U.  S.  Department 
of  Agriculture. 

Evidence  was  obtained  at  Cornell  University  that  the  vitamin  G 
content  of  eggs  and  the  greenish-yellow  pigment  of  the  whites  of  eggs  were 
directly  related  to  the  riboflavin-vitamin  content  of  the  diet. 

At  the  Kentucky  Experiment  Station  it  was  demonstrated  that  the 
addition  of  2  per  cent  cod-liver  oil  to  a  basal  diet  resulted  in  increasing  the 
iron  and  copper  contents  of  the  yolks.  Admitting  hens  to  direct  sunshine 
resulted  in  an  increase  in  the  iron  and  copper  content  of  the  yolks  over 
the  yolks  of  eggs  laid  by  hens  that  received  light  only  through  ordinary 
window  glass.  Sunshine  and  cod-liver  oil  seemed  to  have  a  cumulative 
effect  on  the  copper  content  but  an  antagonistic  effect  on  the  iron  content 
of  egg  yolk. 

Work  at  the  Minnesota  Experiment  Station  has  shown  that  the  addi¬ 
tion  of  iodine  to  the  diet  of  the  laying  hen  had  no  effect  on  egg  quality. 

The  flavor  of  eggs  is  sometimes  affected  by  diet,  although  definite 
evidence  is  limited.  The  Oklahoma  Experiment  Station  demonstrated 
that  5  g.  of  garlic  pods  twice  daily  imparted  a  distinct  garlic  flavor  to 
the  yolk  5  days  after  the  first  feeding  but  that  the  whites  did  not  take  on 
garlic  flavor  until  the  thirtieth  day  after  the  first  feeding.  The  same 
institution  found  that  when  two  No.  3  capsules  of  cod-liver  oil  were  given 


334 


PO  UL  TP  Y  H  USB  AN  DR  Y 


twice  daily  to  hens  the  yolks  of  their  eggs  had  a  distinct  fishy  flavor  the 
thirtieth  day  after  the  first  feeding,  and  the  flavor  was  retained  after  6 
months  of  storage.  No  evidence  has  ever  been  presented,  however,  show¬ 
ing  that  cod-  or  other  fish-liver  oils  fed  at  normal  levels  in  the  diet  impart 
a  fishy  flavor  to  the  yolks  of  eggs. 

Observations  made  at  the  Kansas  Experiment  Station  demonstrate 
quite  clearly  that  diet  has  an  effect  on  both  the  flavor  and  the  odor  of 
eggs,  greater  variation  being  noted  in  the  odor  than  in  the  flavor  of  eggs 
tested  from  different  flocks  fed  different  diets. 
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CHAPTER  X 


DISEASE  PREVENTION 

The  high  mortality  that  occurs  annually  in  the  chick  and  adult  flocks 
of  the  country  is  the  outstanding  drawback  of  the  entire  poultry  industry. 
Few  other  livestock  industries  suffering  comparable  losses  from  mortality 
could  carry  on  from  year  to  year.  Apparently,  the  poultry  industry  is 
able  to  carry  on  because  the  chicken  is  a  small  economic  unit  which  can 
be  readily  replaced  at  relatively  little  expense. 

Among  growing  chicks  the  mortality  resulting  from  various  diseases 
has  always  been  a  factor  of  considerable  economic  importance.  Death 
losses  are  still  far  higher  than  they  should  be  but,  fortunately,  in  many 
flocks  are  apparently  lower  on  the  average  than  a  few  years  ago.  In  a 
comprehensive  survey  of  chick  mortality  conducted  by  the  California 
Experiment  Station  it  has  been  shown  that  the  peak  of  growing-chick 
mortality  occurs  on  approximately  the  fifth  day.  From  surveys  that 
have  been  made  and  from  observations  in  the  laboratories,  it  has  been 
shown  that  by  far  the  greatest  losses  from  growing-chick  mortality  occur 
during  the  first  6  weeks  of  rearing.  This  suggests  the  necessity  of  provid¬ 
ing  optimum  environmental  conditions  in  brooding  chicks  and  seeing  to  it 
that  chicks  are  secured  from  the  best  possible  sources  of  breeding  stock. 

The  number  of  laying  flocks  that  are  practically  wiped  out  because 
of  disease  occurs  with  increasing  frequency  each  successive  year.  To  the 
individual  flock  owner  the  loss  of  his  flock  is  a  tragedy,  but  what  makes 
the  disease  problem  still  more  serious  is  the  fact  that  the  mortality  that 
occurs  annually  among  laying  flocks  has  shown  an  upward  trend  during 
the  past  few  years.  A  very  general  picture  of  the  main  problem  in  mor¬ 
tality  may  be  gained  from  a  glance  at  the  mortality  figures  in  Table  52, 
from  two  outstanding  egg-laying  contests. 

In  view  of  the  situation  revealed  in  Table  52,  the  question  may  well 
be  asked:  What  of  the  future? 

Not  only  is  the  economic  loss  from  dead  chicks  and  hens  very  great, 
but  in  addition  there  should  also  be  counted  the  cost  of  retarded  growth, 
poorly  finished  market  birds,  and  decreased  egg  production  among  the 
birds  that  manage  to  live  but  are  infested  with  parasites  and  infected  with 
disease  organisms. 

The  numerous  disorders  and  diseases  to  which  chickens  fall  a  prey 
assume  enormous  importance  because  of  their  mass  effect  rather  than  as 
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ailments  of  individual  birds.  As  long  as  flock  owners  consider  the  mor¬ 
tality  problem  from  the  standpoint  of  treating  sick  chickens  rather  than 
from  that  of  doing  everything  possible  to  prevent  the  occurrence  and 
spread  of  disease  in  the  flock,  just  that  long  will  relatively  little  be  accom¬ 
plished  in  reducing  the  tragic  losses  from  mortality.  The  preservation 
of  the  health  of  the  flock  is  of  far  greater  importance  to  a  flock  owner  than 
trying  to  save  a  few  individuals  that  become  afflicted. 

Table  52. — Mortality  among  Laying  Hens  in  the  Storrs  (Connecticut)  and 
Harper  Adams  (England)  Egg-laying  Contests 


Year 

Per  cent  mortality 

Storrs 

Harper  Adams 

1919  to  1920 

8.2 

1920  to  1921 

12.8 

1921  to  1922 

13.8 

1922  to  1923 

17.1 

4.6 

1923  to  1924 

16.5 

6.1 

1924  to  1925 

19.8 

5.6 

1925  to  1926 

19.6 

5.4 

1926  to  1927 

21.0 

6.6 

1927  to  1928 

.... 

7.3 

1928  to  1929 

.... 

7.1 

1929  to  1930 

21.6 

8.8 

1930  to  1931 

20.1 

10.7 

1931  to  1932 

23.9 

15.4 

1932  to  1933 

25.6 

14.8 

1933  to  1934 

22.2 

16.4 

1934  to  1935 

24.5 

20.0 

Granted  that  individual  birds  could  be  “  cured,”  there  is  still  the 
possibility  that  they  would  continue  to  harbor  the  infective  agent  and 
thus  be  a  means  of  spreading  the  disease.  To  a  large  extent  poultry 
diseases  are  the  result  of  biological  causes  that  are  transmissible.  Not 
only  is  there  the  danger  of  exposing  healthy  birds  to  diseased  birds,  but 
there  is  always  the  danger  of  dissemination  of  disease  through  infected 
soil,  contaminated  water,  and  filthy  quarters.  Unbalanced  diets,  poor 
housing  conditions,  and  faulty  management  may  lower  the  natural  resist¬ 
ance  of  birds  so  that  they  become  an  easy  prey  to  disease  organisms  of 
various  kinds.  The  mass  effect  of  disease  dissemination  has  long  since 
become  a  very  important  problem  in  poultry  husbandry. 

Disease  Dissemination. — Disease  is  regarded  as  any  deviation  from 
health,  and  in  order  to  appreciate  the  ease  with  which  it  may  be  dis¬ 
seminated  it  is  necessary  to  have  at  least  a  very  general  understanding 
of  its  nature  and  its  causative  agents. 
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When  a  disease-inducing  agent,  such  as  bacteria  and  viruses,  gains 
entrance  to  the  body,  the  bird  is  said  to  be  “infected.”  The  degree  of  the 
invasive  power  of  a  disease-inducing  agent  to  cause  any  deviation  from 
health  is  referred  to  as  “virulence.”  An  organism  capable  of  producing 
infection  is  called  a  “pathogen.”  The  ability  of  an  organism  or  other 
agent  to  cause  disease  is  called  “pathogenic,”  whereas  “resistance”  refers 
to  the  ability  of  the  body  to  resist  invasion  by  any  infectious  agent,  and 
“immunity”  implies  that  the  body  is  not  susceptible  to  the  pathogenic 
powers  of  the  disease-inducing  agent. 

A  brief  reference  to  certain  terms  commonly  used  in  the  literature 
of  diseases  may  enable  the  reader  more  clearly  to  understand  the  more 
important  problems  involved  in  combating  disease  dissemination.  The 
condition  in  body  tissues  characterized  by  heat,  redness,  swelling,  and 
pain  is  referred  to  as  “inflammation,”  whereas  a  “lesion”  denotes  a  visible 
morbid  change  in  the  color,  structure,  or  size  of  an  organ  or  part  of  the 
body.  A  suspension  of  a  living,  disease-inducing  agent  is  called  a  “vac¬ 
cine,”  and  a  suspension  of  dead  organisms  is  called  a  “bacterin.”  A 
poisonous  substance  produced  by  certain  of  the  bacteria  is  called  a 
“toxin.”  The  blood  serum  of  a  bird  that  is  immune  to  any  specific 
disease-inducing  agent  is  referred  to  as  “antiserum,”  and  the  serum  of  a 
bird  that  is  immune  to  a  specific  toxin  is  referred  to  as  “antitoxin.” 

Disease  may  result  from  the  invasions  of  protozoa,  bacteria,  viruses, 
and  molds  or  from  the  infestation  of  external  or  internal  parasites.  Pro¬ 
tozoa  are  one-celled  organisms  and  are  the  simplest  kind  found  in  the 
animal  kingdom.  Bacteria  are  one-celled,  microscopic  plants  occurring 
in  three  principal  shapes,  which  are  referred  to  as  bacilli,  cocci,  and 
spirillae.  Viruses  are  so  minute  that  they  are  able  to  pass  through 
laboratory  filters  that  retain  the  ordinary  types  of  bacteria.  A  few  molds 
or  fungi,  constituting  the  lower  forms  of  the  plant  kingdom,  are  capable 
of  producing  disease  in  poultry. 

A  disease  may  be  infectious  or  noninfectious,  the  difference  depending 
upon  whether  or  not  the  disease  was  due  to  any  infectious  agent.  The 
pullorum  disease  is  infectious,  whereas  a  disease  resulting  from  vitamin 
deficiency  is  noninfectious.  From  the  standpoint  of  their  transmissi- 
bility,  diseases  are  referred  to  as  being  contagious  or  noncontagious,  the 
difference  depending  upon  whether  or  not  the  disease  is  transmitted  to  a 
susceptible  bird.  Roup  and  avian  tuberculosis  are  contagious  diseases, 
whereas  perosis  or  slipped  tendon  and  pendulous  crop  are  noncontagious. 

The  problem  of  poultry  disease,  in  reality,  involves  perpetual  warfare 
between  disease-inducing  organisms  and  the  hosts  upon  which  they  prey. 
Fortunately,  in  a  normal  state  of  health  the  chick  and  the  laying  hen 
possess  a  defensive  mechanism  which  enables  them  to  resist  the  attacks 
of  the  invading  organisms  with  varying  degrees  of  success. 
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The  first  line  of  defense  is  the  skin,  which,  as  long  as  it  is  not  injured, 
offers  a  considerable  degree  of  resistance  to  millions  of  organisms  of  vari- 
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Fig.  144. — Showing  the  relation  of  age  to  incidence  of  some  common  chick  diseases. 

( Jungherr ,  1935.) 


ous  kinds  which  abound  in  contaminated  soil  and  filthy  drinking  water 
and  hide  in  poultry  houses. 

The  second  line  of  defense  is  the  lining  membranes  of  the  digestive 
tract,  which  also  resist  invasion  with  a  considerable  degree  of  success 
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unless  they  are  seriously  injured  by  internal  parasites  or  are  weakened  by 
an  unbalanced  diet,  especially  if  the  feed  is  contaminated  with  disease- 
inducing  agents. 

The  third  line  of  defense  is  the  blood  stream,  which  contains  certain 
types  of  white  blood  corpuscles  which  are  able  to  destroy  the  invading 
organisms  by  ingesting  them. 

The  fourth  line  of  defense  is  the  presence  in  the  blood  serum  of  certain 
protective  substances  called  “  antibodies,  ”  produced  by  an  antitoxin 
reacting  to  the  presence  of  the  toxin  carried  by  the  invading  organism. 

The  fifth  line  of  defense  is  “natural  resistance.” 

It  is  obvious,  therefore,  that  once  the  invading  organism  has  passed 
the  fourth  line  of  defense  and  gained  a  foothold  in  the  blood  stream,  the 
relentless  warfare  between  the  chicken  and  the  invading  organisms  con¬ 
tinues  until  one  overcomes  the  other.  If  the  defensive  mechanism  of  the 
chicken  is  capable  of  overcoming  the  invasion,  recovery  follows.  If,  on 
the  other  hand,  the  unwise  selection  of  breeding  stock,  the  feeding  of 
improperly  balanced  diets,  allowing  birds  to  range  on  contaminated  soil, 
faulty  methods  of  flock  management,  or  other  undesirable  practices  in 
poultry  husbandry  so  weaken  the  chicken’s  defensive  mechanism  that  it 
is  overcome  by  the  continuous  attacks  of  the  invading  organisms,  the 
final  consequence  is  usually  death. 

The  increase  in  the  trend  of  mortality  that  has  occurred  during  the 
last  few  years  suggests  that  two  things  have  taken  place:  (1)  Some  of 
the  poultry-husbandry  practices  being  followed  tend  to  weaken  the 
chicken’s  defensive  mechanism  against  disease  invasion;  and  (2)  there 
has  been  more  widespread  dissemination  of  disease-inducing  organisms. 
Disease  is  disseminated  by  means  of  water,  soil,  and  air;  and  in  many 
cases  the  rate  of  dissemination  has  been  increased  as  the  result  of  keeping 
chickens  on  the  same  land  year  after  year.  The  rate  of  dissemination 
is  still  further  increased  if  the  land  is  never  cultivated  or  sown  to  green 
crops  and  is  covered  with  puddles  of  filthy  water. 

Disease  is  disseminated  by  means  of  contact  between  infected  and 
healthy  birds  and  by  the  contact  of  healthy  birds  with  contaminated 
soil  and  water.  Birds  that  have  recovered  from  an  infection  may  become 
carriers  of  disease-inducing  organisms.  Flock  attendants  frequently 
carry  the  organisms  on  their  hands,  shoes,  clothing,  and  utensils  from 
bird  to  bird  in  a  flock  and  from  flock  to  flock.  Contaminated  feed  spreads 
disease.  The  hatching  in  the  same  incubator  of  eggs  from  many  different 
flocks,  securing  baby  chicks  from  several  different  sources,  and  shipping 
birds  from  laying  contests  and  poultry  shows  to  widely  scattered  places 
are  important  factors  in  the  dissemination  of  various  diseases.  Pigeons, 
sparrows,  and  other  wild  birds  often  play  the  role  of  disease  disseminators 
by  carrying  the  organisms  on  their  feet  to  distant  communities.  Flies, 
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fleas,  and  other  insects  frequently  serve  as  disseminators  of  disease  with¬ 
out  themselves  being  infected. 

A  fact  often  overlooked  is  that  with  an  increasing  number  of  agencies 
always  at  work  in  disseminating  disease,  the  number  of  birds  exposed  to 
infection  is  continually  increasing.  Moreover,  with  an  increase  in  the 
number  of  birds  that  become  infected  the  situation  becomes  further 
aggravated  by  still  more  widespread  dissemination. 

The  real  problem  facing  poultry  raisers  is  not  so  much  knowing 
how  to  combat  or  control  disease  as  how  to  prevent  disease  from  making 
its  appearance.  Curing  sick  chickens  will  probably  never  help  the  poul¬ 
try  industry  much.  The  obligation  rests  upon  every  flock  owner  to  assist 
the  chicken  in  every  way  possible  in  maintaining  or  even  improving  its 
defensive  mechanism  against  the  invasions  of  disease-inducing  organisms. 
Poultrymen  must  also  assume  their  proper  share  of  responsibility  in  the 
widespread  dissemination  of  disease  that  is  constantly  going  on  and  take 
immediate  steps  to  lessen  the  hazards  from  increased  exposure  to  infection. 

Since  so  many  factors  are  involved  in  the  appearance  and  spread 
of  poultry  diseases,  it  is  obvious  that  any  flock  owner  wishing  to  adopt  an 
intelligent  plan  of  disease  prevention  must  have  some  knowledge  of  the 
causative  agents  and  how  they  are  transmitted.  The  following  pages 
in  this  chapter  are  devoted  to  the  ethology,  or  study  of  the  causative 
agents,  of  various  diseases  with  suggestions  as  to  best  methods  of  prevent¬ 
ing  disease  from  making  its  appearance  or  what  to  do  if  it  has  made  its 
appearance. 


MINOR  DISORDERS  AND  OTHER  CONDITIONS 

Any  attempt  to  train  every  flock  owner  to  become  competent  in  the 
diagnosis  and  treatment  of  poultry  diseases  would  be  a  hopeless  task. 
Moreover,  to  medicate  chickens  is  for  the  most  part  of  doubtful  value 
except  in  the  case  of  valuable  birds.  Then,  again,  it  should  not  be  for¬ 
gotten  that  a  chicken  that  has  been  cured  of  an  infectious  disease  may 
become  a  carrier  of  the  causative  agent  of  the  disease.  There  are  several 
minor  disorders,  however,  that  are  amenable  to  treatment,  which  in  many 
cases  is  justified  because  of  the  simplicity  of  procedure. 

Frozen  Comb  and  Wattles. — The  freezing  of  the  comb  and  wattles 
is  of  rather  common  occurrence  in  cold  weather  in  northern  sections  of 
the  country.  If  many  birds  in  the  flock  suffer,  both  fertility  and  egg 
production  may  be  affected.  The  proper  treatment  consists  in  thawing 
with  cold  water  or  snow  and  rubbing  with  vaseline.  The  trouble  may  be 
avoided  by  dubbing. 

Dubbing  Combs  and  Wattles. — Many  poultrymen  practice  dubbing  of 
the  combs  and  wattles  for  the  purpose  of  avoiding  trouble  from  freezing 
and  also  from  fighting,  among  White  Leghorn  and  other  males  with  large 
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combs.  Dubbing  is  usually  done  at  about  3  months  of  age,  although 
baby  chicks  may  be  dubbed.  In  this  case,  sharp  scissors  may  be  used 
without  excessive  bleeding.  Older  birds  may  be  dubbed  with  scissors 
or  tinner’s  shears,  excessive  bleeding  being  avoided  by  laying  a  feather 
or  sprinkling  flour  or  mash  over  the  cut  surface. 

Edema  of  Wattles. — The  tissue  of  the  wattle  may  be  greatly  enlarged 
as  the  result  of  becoming  filled  with  an  inflammatory  fluid.  At  first  the 
wattle  is  red ;  then  it  turns  yellowish  gray,  the  liquid  sometimes  develop¬ 
ing  into  cheesy  nodules.  The  most  effective  preventive  measure  is 
dubbing. 

Necrosis  of  the  Beak. — The  feeding  of  excessively  finely  ground  grains 
as  a  mash  mixture  to  baby  chicks  in  battery  brooders  at  Macdonald 
College  was  found  to  give  rise  to  a  condition  where  particles  of  feed 
adhere  to  the  outer  edges  of  the  beak  and  remain  under  the  tongue, 
causing  inflammation.  A  granular-mash  mixture  was  found  to  prevent 
the  condition  from  developing. 

Cannibalism. — Chicks’  and  adult  birds’  picking  at  each  other  until 
blood  shows  and  then  destroying  one  another  by  further  picking  is  a 
source  of  great  loss  in  many  flocks,  especially  when  kept  in  confinement. 

When  the  trouble  develops  among  baby  chicks  it  is  sometimes  very 
difficult  to  control  as  long  as  they  are  kept  confined.  Chicks  that  have 
been  picked  should  be  removed  at  once  and  may  be  treated  with  paint 
or  tar  and  later  put  back  with  the  rest  of  the  chicks.  The  Washington 
Experiment  Station  recommends  using  60-  or  100-watt  natural-colored 
ruby  Mazda  bulbs,  glass  not  inside  frosted,  all  other  light  being  excluded. 
Where  electric  current  is  not  available  the  inside  of  the  brooder-house 
windows  should  be  painted  or  sprayed  with  an  opaque,  flat-finish,  dark 
red  lacquer.  In  case  the  chicks  must  be  kept  confined  they  should  be 
given  ample  floor  space  although  probably  the  most  effective  preventive 
measure  is  to  allow  the  chicks  on  good  grass  range. 

When  the  trouble  develops  in  laying  flocks  the  same  procedure  may 
be  followed  as  for  chicks,  although  the  usual  method  followed  by  poultry- 
men  is  to  use  some  of  the  different  devices  that  have  been  invented  for 
preventing  birds  from  picking  at  each  other.  Some  of  these  are  inserted 
in  the  beak,  and  some  attached  to  the  body  under  the  vent.  The  recom¬ 
mendation  of  the  Ohio  Experiment  Station  of  cutting  back  the  tip  of  the 
upper  beak  has  been  found  to  be  effective  until  the  beak  grows  out  again. 

At  the  Western  Washington  Experiment  Station  it  was  found  that 
ffeather  picking  was  much  less  prevalent  when  the  pullets  were  reared 
on  a  diet  of  ground  oats  instead  of  corn,  wheat,  or  barley  as  the  only  cereal 
grain  in  the  mash  mixture.  The  “oats”  diet,  however,  resulted  in  the 
development  of  a  number  of  cases  of  impacted  crops.  The  most  effective 
measure  of  preventing  cannibalism  seems  to  be  to  give  the  birds  good  grass 
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range,  although  in  the  winter  time  in  the  northern  sections  of  the  country 
this  is  not  possible. 

Impacted  Crop. — The  accumulation  of  feed  in  the  crop  due  to  the 
obstruction  of  the  opening  to  the  lower  esophagus  or  to  paralysis  of  the 
walls  of  the  crop  may  cause  the  crop  to  become  so  impacted  that  relief 
must  be  given  or  the  bird  dies.  By  first  giving  the  bird  water  and  then 
holding  the  head  downward,  it  is  sometimes  possible  to  massage  the  crop 
to  force  the  food  out  through  the  mouth. 

The  only  other  method  of  relief  is  apparently  to  remove  the  feed 
by  making  a  1-in.  incision  through  the  skin  and  the  wall  of  the  crop,  on 
the  upper  front  surface  so  that  it  will  be  on  the  top  side  of  the  crop  when 
the  bird  is  standing.  The  crop  should  be  washed  out  with  warm  water, 
and  then  the  incisions  in  the  wall  of  the  crop  and  in  the  skin  should  be  sewn 
up  separately  with  white  silk  or  cotton  thread.  Each  suture  should 
be  tied  separately.  Neither  feed  nor  water  should  be  given  for  several 
hours,  the  first  feed  being  a  well-moistened  mash. 

Pendulous  Crop. — This  is  different  from  the  impacted  crop,  since  the 
pendulous  crop  is  almost  empty  of  feed,  but  relief  may  be  secured  by 
removing  a  portion  of  the  wall  of  the  crop,  using  the  same  method  as 
prescribed  above. 

Egg  Bound. — This  condition  may  be  relieved  by  inserting  a  finger, 
covered  with  carbolized  vaseline,  into  the  cloaca  and  expelling  the  egg  by 
the  manipulation  of  the  other  hand. 

Prolapsus. — Birds  in  their  first  laying  year,  especially  pullets  just 
beginning  to  lay,  sometimes  suffer  an  eversion  of  the  oviduct,  probably 
due  to  straining  or  from  other  causes.  According  to  observations  made 
by  workers  at  the  Michigan  Experiment  Station,  coccidia  and  intestinal 
worms  are  predisposing  factors.  Cases  of  prolapse  may  be  treated  by 
washing  the  tissue  with  warm  water  and  gently  pushing  it  back  in  place. 
The  bird  should  be  kept  in  a  quiet  place,  and  cold  water  may  be  injected 
into  the  cloaca.  It  is  very  important  to  remove  all  cases  of  prolapse  from 
the  flock  as  soon  as  discovered;  otherwise  cannibalism  may  develop  on  an 
extensive  scale. 

Egg  Eating. — This  bad  habit,  rather  than  disorder,  may  be  entirely 
prevented  by  providing  darkened  nests. 

Heat  Prostration. — In  extremely  hot  weather  prostration  from  heat 
may  occur.  Affected  birds  should  be  removed  to  a  cool  place  and  if 
necessary  doused  in  cool  water.  Commercial  broiler  producers  have 
sometimes  resorted  to  using  a  fire  engine  to  spray  water  over  the  brooder 
houses.  It  is  important  never  to  have  the  brooder  or  laying  houses  too 
crowded,  and  wherever  possible  ample  shade  should  be  provided.  The 
laying  houses  should  be  provided  with  ventilated  nests,  and  if  trap-nesting 
is  carried  on  care  should  be  taken  to  release  the  hens  at  frequent  intervals. 
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Bumblefoot. — When  the  bottom  of  the  foot  is  badly  bruised  or 
cut,  an  abscess  may  develop.  The  scab  may  be  removed,  and  the  pus 
forced  out,  applications  of  an  antiseptic  solution  applied,  and  the  foot 
bandaged. 

Spurs  Trimmed. — In  the  case  of  breeding  male  birds  it  is  sometimes 
advisable  to  trim  the  long,  sharp  spurs  to  prevent  the  backs  of  females 
from  being  torn.  A  saw  or  knife  should  be  used,  making  sure  that  the 
end  of  the  spur  is  left  blunt.  The  development  of  spurs  may  be  prevented 
by  cutting  off  the  spur  cap  of  young  cockerels  close  to  the  leg  and  rubbing 
potassium  hydroxide  (caustic  potash)  on  the  wound.  Leghorns  should 
be  about  12  weeks  old,  and  heavier  breeds  about  15  weeks  old  when  the 
treatment  is  applied. 


EXTERNAL  PARASITES 

If  external  parasites  are  not  kept  under  reasonable  control,  consider¬ 
able  economic  loss  may  be  suffered  from  the  standpoints  of  stunted  growth 
in  the  young  stock  and  decreased  egg  production  among  the  layers. 
There  is  a  multiplicity  of  external  parasites,  including  principally  lice, 
mites,  ticks,  and  fleas.  Since  they  prey  upon  the  host  externally,  it  is 
apparent  that  good  husbandry  is  necessary  to  prevent  their  appearance 
or  keep  them  under  control.  To  the  practical  poultryman  suggestions 
concerning  management  methods  for  the  prevention  and  control  of 
external  parasites  are  of  more  importance  than  a  knowledge  of  their  life 
histories,  despite  the  fact  that  rather  complete  knowledge  of  the  latter 
was  necessary  before  successful  preventive  and  control  methods  could  be 
recommended. 

Lice. — These  are  small  yellowish-  or  grayish-colored  insects  which 
have  cutting  or  biting  mouth  parts,  and  since  they  multiply  rapidly  their 
numbers  are  so  increased  that  a  lousy  bird  suffers  considerable  discomfort. 
Lice  complete  their  life  cycle  on  the  body  of  the  host  and  can  live  only  a 
few  days  off  the  body.  There  are  about  50  different  species  of  chicken 
lice,  all  belonging  to  the  order  Mallophaga.  They  do  not  suck  blood. 

The  head  louse  ( Lipeurus  heterographus)  is  found  about  the  head 
and  neck.  It  is  probably  the  species  most  injurious  to  young  chicks. 

The  wing  louse  (L.  variabilis)  is  found  especially  under  the  primary 
feathers  of  the  wings. 

.  The  fluff  louse  ( Goniocotes  hologaster)  is  not  of  much  economic 
importance. 

The  large  hen  louse  ( G .  abdominalis)  is  less  abundant  than  the  fluff 
louse  and  is  easily  recognized  by  its  large  size  and  its  smoky  gray  to 
blackish  markings. 

The  shaft  louse  ( Menopon  gallinae)  apparently  feeds  almost  entirely 
on  the  barbs  of  the  feathers  and  on  the  scales  along  the  shaft. 
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The  small  body  louse  (M.  'pallidum )  is  light  in  color  and  smaller  than 
the  large  head  louse,  but  its  habits  are  similar. 


Fig.  145. — Method  of  holding  the  fowl  and  points  at  which  sodium  fluoride  is  applied 
when  using  dust  method.  Note  that  each  figure  shows  the  bird  held  in  the  same  manner. 
The  following  is  the  order  of  application:  (a)  base  of  tail,  1;  ( b )  below  the  vent,  2;  (c)  to  one 
side  of  keel  bone,  3;  ( d )  other  side  of  keel  bone;  (e)  outside  thigh  region  (left),  4;  (/)  along 
wTing  (left),  5;  ( g )  on  back,  just  back  of  wings,  6;  ( h )  base  of  tail,  7;  ( i )  outside  thigh  region 
(right) ;  O’)  along  wing  (right) ;  ( k )  throat,  8;  (l)  back  of  head,  9.  ( Western  Wash.  Exp.  Sta .) 


The  common  large  louse  ( M .  stramineum)  is  perhaps  the  most  com¬ 
mon  species.  It  stays  close  to  the  skin. 

Since  lice  spend  their  life  cycle  upon  the  host,  it  is  obvious  that  treat¬ 
ment  should  be  directed  largely  to  the  host.  However,  there  may  at 
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times  be  danger  of  reinfestation  from  the  litter  and  molted  feathers; 
therefore,  a  thorough  cleaning  of  the  house  and  burning  of  the  litter  are 
desirable  whenever  a  flock  becomes  badly  infested.  Since  most  treat¬ 
ments  recommended  are  not  sufficiently  powerful  to  kill  the  eggs  of  lice,  a 
second  treatment  should  be  applied  about  10  days  to  2  weeks  after  the 
first,  in  order  to  kill  the  newly  hatched  lice.  Also,  it  is  very  important 
to  treat  every  bird  in  the  flock  if  the  treatment  is  an  individual  one,  since 
one  untreated  bird  may  serve  to  reinfest  the  entire  flock. 

Various  dusts  may  be  used  to  rid  fowls  of  lice.  Sodium  fluoride  and 
sodium  fluosilicate  are  most  effective  and  may  be  applied  by  the  so-called 
“pinch  method”;  i.e.,  a  pinch  is  put  on  the  breast,  on  each  thigh,  below 
the  vent,  on  each  side  of  the  back,  on  the  neck,  on  the  head,  and  finally 
on  the  underside  of  each  outspread  wing.  These  two  substances  may 
also  be  sprinkled  over  the  bird,  the  powder  being  rubbed  thoroughly  over 
the  skin. 

The  use  of  dips  is  a  quicker  method  than  with  powders,  though  dipping 
should  be  done  only  in  fine  weather.  Sodium  fluoride  at  the  rate  of  1  oz. 
of  the  commercial  or  oz.  of  the  c.  p.  product  is  added  to  each  gallon 
of  tepid  water  contained  in  a  wooden  bucket.  The  wings  are  held  in  one 
hand,  the  feet  in  another,  and  the  bird  is  submerged  for  about  half  a 
minute.  After  the  bird  is  drained  the  head  is  next  submerged.  Sodium 
fluosilicate  may  be  used  to  replace  the  fluoride.  An  ounce  of  laundry  soap 
dissolved  in  a  gallon  of  water  may  be  used.  This  treatment  does  not 
kill  the  eggs  and  must  be  repeated  in  10  days  to  2  weeks.  Dips  should 
be  used  in  warm  weather  only,  and  there  should  be  no  breeze.  The 
operation  should  be  stopped  early  enough  in  the  day  to  give  the  birds  a 
couple  of  hours  in  which  to  dry  before  the  sun  goes  down. 

Ointments  may  be  used  in  certain  cases,  although  more  time  is  usually 
required  than  with  powders  or  dips.  Carbolated  petrolatum  is  quite 
satisfactory  for  head  lice  in  young  chicks,  and  lard  may  be  used  on  the 
head  and  under  the  wings  of  baby  chicks. 

One  part  mercurial  ointment  mixed  with  two  parts  petrolatum  has 
been  found  effective  for  treating  adult  birds.  A  piece  of  ointment  the 
size  of  a  pea  should  be  applied  beneath  the  wings  and  around  the  vent 
and  rubbed  in  well  to  prevent  poisoning.  One  application  is  said  to  be 
sufficient  for  complete  extermination  of  all  lice.  Birds  producing  eggs 
for  hatching  and  sitting  hens  should  not  be  treated  with  mercurial 
ointment  or  hatchability  may  be  lowered. 

One  of  the  most  practical  methods  of  controlling  lice  is  by  the  use  of 
40  per  cent  nicotine  sulfate  painted  on  the  roosts.  The  application  should 
be  made  just  before  the  birds  go  to  roost,  and  treatment  should  be  applied 
to  all  roosting  places.  Three  or  four  drops  of  the  liquid  also  should  be  put 
in  each  nest.  The  house  should  not  be  closed  too  tightly,  as  birds  have 
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LIFE  CYCLE 

of  chickert  lice 


UCE  feed 
on  skin  or  feathers 
of  fowl 


HOV  TO  BREAK  IT 


attached,  to 
eather.  hatched  bi) 
teat  of  hen  in  about 
aveek 


Dust  or  dip  birds  with 

SODIUM  FLUORIDE  or 
point  roosts  with  40 per 
cent  NICOTINE  SULPHA  TE 


hab>  &,©iyi§i 


UCE  feed 
on  skin  or  feathers 
oj  fowl 

Fig.  146. — Lice  are  easily  controlled  by  dusting  or  dipping  the  birds  individually  with 
sodium  fluoride  or  by  painting  the  roosts  with  nicotine  sulfate.  ( Adapted  from  ongma, 
by  U.  S.  Dept.  Agr.) 
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been  known  to  die  from  nicotine  sulfate  in  poor  ventilation.  A  second 
treatment  should  be  applied  in  10  days  to  2  weeks.  This  is  apparently 
the  most  effective  treatment  available. 

Mites.— There  are  many  species  of  mites,  some  of  them  very  destruc¬ 
tive,  others  of  little  consequence. 

The  air-sac  mite  ( Cytoleichus  nudus)  is  discovered  by  an  examination 
of  the  abdominal  air  sacs  where  the  mites  are  seen  as  small  grayish  or  light 
yellow  specks.  They  are  usually  seen  only  in  old  birds  kept  in  filthy 
surroundings.  There  is  no  successful  treatment. 

The  common  chicken  mite  ( Dermanyssus  gallinae)  is  referred  to  as 
the  “ roost  mite”  and  the  “red  mite.”  These  mites  visit  their  prey  at 
night,  only  a  few  being  found  on  the  birds  during  the  day.  “Salt-and- 
pepper  markings,”  the  droppings  of  mites,  on  the  roosts  indicate  that  the 
cracks  and  crevices  in  the  house  contain  myriads  of  these  pests.  Treat¬ 
ment  should  be  directed  to  the  cracks  and  crevices,  and  all  litter  should 
be  removed  and  burned.  Several  agents  may  be  used,  but  a  thorough 
application  should  be  made  of  whichever  is  chosen.  Wood  preservers 
having  anthracene  oil  as  a  base  are  effective.  A  3  per  cent  solution  of  a 
miscible  tree-spray  oil  is  also  quite  effective. 

The  connective-tissue  mite  (L amino sioptes  cysticola)  is  found  in  the 
connective  tissue  beneath  the  skin  and  between  the  muscles  of  birds  kept 
under  such  conditions  as  described  for  air-sac  mites.  The  damage  caused 
is  questionable,  and  there  is  no  successful  treatment. 

The  depluming  mite  ( Cnemidocoptes  gallinae)  may  sometimes  cause 
serious  trouble  through  irritation  and  may  practically  denude  birds  of 
their  feathers.  One  of  the  most  effective  treatments  is  to  dip  each 
bird  in  a  tub  of  tepid  water  containing  2  oz.  of  flowers  of  sulfur  and 
1  oz.  of  laundry  soap  to  each  gallon  of  water. 

The  scaly-leg  mite  ( Cnemidocoptes  mutans)  causes  an  eruption  of  the 
scales  on  the  shanks  of  chickens.  Remove  infested  birds  from  the  rest 
of  the  flock.  In  mild  cases  thorough  treatment  is  quite  successful.  The 
shanks  should  be  dried  thoroughly  and  should  then  be  treated  with  an 
ointment  containing  2  per  cent  of  carbolic  acid  or  a  mixture  of  1  part  oil 
of  caraway  with  5  parts  vaseline. 

The  northern  fowl  mite  ( Liponyssus  silviarum)  swarms  on  the  birds 
.and  may  be  found  on  them  at  any  time.  Finely  divided  sulfur  as  a  dust 
may  be  used  in  cold  weather,  but  dipping  is  more  advisable,  although  it 
can  be  done  only  in  summer.  An  ounce  of  soap  is  dissolved  in  warm 
water,  and  to  this  is  added  2  oz.  of  sulfur.  The  mixture  is  stirred 
frequently  to  keep  the  sulfur  in  suspension.  Nicotine  sulfate  applied 
to  the  roosts  just  before  roosting  time  every  3  days  for  three  times  has 
been  found  effective. 

The  tropical  fowl  mite  (L.  bursa)  is  similar  in  habits  to  the  northern 
fowl  mite  and  should  receive  the  same  treatment. 
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of  common,  chicken  mite 


KILL  THE 
MITE 

Pa\r\{  roosls  vvilh 
CAR.BOLINEUM 
OR,  HEAVY  OIL 


Lays  eggs  And  breeds  .in 
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Unfed  Adult 
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^  U  nfei  Ad  u  It  ( red ) 
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eg g*5 1h<?nfed,5  dgiin,. 


Fig.  147. — Painting  the  roosts  and  filling  the  cracks  and  crevices  about  the  droppings 
boards  and  nest3  control  mites,  if  done  properly  and  at  the  right  time.  (Modified  from  the 
original  by  U.  S.  Dept.  Agr.) 
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Chiggers  . — These  “red  bugs,”  or  red  mites  ( Trombicula  spp.),  may 
become  attached  to  chickens  while  walking  in  fields  and  sometimes  cause 
intense  irritation.  An  application  of  sulfur  ointment  is  recommended. 

The  Fowl  Tick. — The  chicken  tick  ( Argas  persicus)  is  sometimes  a 
serious  pest.  It  is  a  bloodsucker  and  feeds  at  night  only,  hiding  by  day 
in  cracks  and  crevices,  where  the  young  are  hatched.  The  young  ticks 
crawl  upon  the  birds  while  they  roost.  Penetrating  materials  must  be 
used  and  must  be  applied  at  intervals  because  of  the  complicated  life 
history  and  the  length  of  time  the  tick  is  able  to  go  without  food.  The 
most  effective  treatment  reported  is  carbolineum,  a  wood  preserver 
containing  anthracene  oil.  The  U.  S.  Department  of  Agriculture  officials 
recommend  supporting  all  roosts  from  the  roof  of  the  poultry  house 
because  the  tick  has  the  tendency  of  always  crawling  upward. 

The  Sticktight  Flea  . — The  sticktight  flea  ( Echidnophaga  gallinacea ) 
has  become  a  serious  pest  in  certain  sections  of  the  southern  parts  of  the 
United  States.  Attaching  themselves  to  the  appendages  of  the  bird’s 
head,  these  fleas  remain  attached  by  their  mouth  parts  for  4  to  19  days 
and  are  very  difficult  to  remove.  They  succumb  only  to  extremes  of 
heat  (100°F.)  and  cold  (freezing).  Other  animals,  including  cats  and 
dogs,  should  be  excluded  from  the  poultry  yards,  and  when  a  flock 
becomes  infested,  the  house  should  be  cleaned  thoroughly  and  sprayed 
with  creosote  oil.  United  States  Department  of  Agriculture  officials 
also  recommend  spraying  the  poultry  yard  with  creosote  oil.  Birds 
may  be  treated  individually  by  applying  sulfur  ointment  or  carbolated 
pretolatum. 

Other  External  Parasites. — There  are  several  other  external  parasites 
that  have  been  observed  to  attack  chickens,  including  bedbugs,  beetle 
larvae,  cystic  flukes  and  black  flies.  For  the  most  part  they  are  not 
economically  important. 

INTERNAL  PARASITES 

Chickens  on  range  are  always  seeking  food  in  the  superficial  layers 
of  the  soil,  which  is  often  thoroughly  contaminated  with  living  organisms 
of  all  kinds,  including  the  eggs  of  worms  that  are  parasitic  to  chickens. 
Land  that  is  bare,  rarely  cultivated,  and  over  which  chickens  range  year 
.  after  year  is  a  particularly  favorable  breeding  ground  for  many  of  the 
internal  parasites.  Chickens  kept  indoors  or  allowed  on  sun  porches  are 
also  apt  to  become  infested  as  the  result  of  worm  eggs  being  carried  into 
the  house  on  shoes  or  through  contact  with  some  of  the  intermediate 
hosts  necessary  for  the  completion  of  the  life  cycle  of  the  parasite.  Birds 
that  become  badly  infested  are  rarely  profitable  and  always  constitute  a 
menace  to  all  other  members  of  the  flocks.  “Worming  ”  the  infested  birds 
to  control  worm  infestation  is  a  poor  substitute  for  sanitation  to  prevent  it. 
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Capillaria  Worms. — There  are  many  species  of  these  small  parasitic 
worms  which  invade  the  crop,  esophagus,  small  intestine,  and  caeca  of 
the  chicken  and  sometimes  do  considerable  damage.  They  have  a  direct 
cycle  of  reproduction;  i.e.,  the  female  worm  lays  its  eggs  while  in  the 
invaded  organ,  the  eggs  are  voided  with  the  chicken’s  droppings,  and 
under  suitable  conditions  of  moisture  and  temperature  they  embryonate 
and  become  infectious.  During  the  process  of  embryonation  a  very  small 
worm  develops  within  the  egg  which  when  devoured  by  the  chicken 
liberates  the  worm  from  its  shell,  the  worm  completing  its  development 
within  the  chicken’s  intestinal  tract.  A  bird  heavily  infested  with  capil¬ 
laria  worms  loses  weight  and  becomes  listless.  Every  possible  preventive 
measure,  particularly  sanitary  quarters  and  clean,  dry  range,  should  be 
resorted  to  in  order  to  protect  the  birds  from  infestation.  For  treatment, 
carbon  tetrachloride  administered  in  1-cc.  doses  has  been  found  effective 
against  some  of  the  species. 

Caecal  Worms. — This  parasite  ( Heterakis  gallinae)  invades  the  caeca, 
sometimes  causing  severe  inflammation.  It  is  a  small  grayish-white, 
slender  worm  up  to  about  in.  in  length  and  has  a  direct  life  cycle, 
although  two  species  of  dung  earthworms  have  been  found  to  be  capable 
of  transmitting  the  caecal  worm  to  chickens.  Chicks  and  adult  birds 
heavily  infested  in  general  lose  weight  and  become  unthrifty. 

Strict  yard  sanitation,  with  rotation  of  yards,  especially  for  growing 
chicks,  is  the  most  effective  preventive  measure.  When  many  birds  in  a 
flock  are  infested,  the  whole  flock  may  be  given  the  tobacco-dust  treat¬ 
ment,  2  per  cent  by  weight  of  tobacco  dust  containing  not  more  than 
1.5  per  cent  of  nicotine  being  added  to  the  dry-mash  mixture,  giving  this 
feed  for  at  least  one  month.  Since  tobacco  dust  soon  loses  its  nicotine 
content  upon  being  exposed  to  the  air,  this  mixture  should  be  made  up 
fresh  in  small  quantities  at  a  time. 

A  method  of  treatment  for  caecal-worm  infestation  in  individual  cases 
is  to  administer  oil  of  chenopodium  by  rectal  injections.  A  stock  mixture 
is  made  up  consisting  of  1  teaspoonful  (1  fluid  drachm)  of  oil  of  cheno¬ 
podium  in  12  tablespoonsful  (6  fluid  ounces)  of  cottonseed  or  corn  oil.  By 
means  of  a  suitable  syringe,  3  teaspoons  of  the  stock  mixture  is  injected 
slowly  into  the  rectum,  this  being  the  proper  dose  for  birds  weighing 
about  V/2  lb. 

Eyeworms. — The  eyeworm  ( Oxyspirura  mansoni)  infests  chickens  by 
becoming  lodged  under  the  nictating  membrane  of  the  eye,  thus  causing 
irritation  and  inflammation  so  that  the  bird  winks  continuously  and 
scratches  its  eye  or  rubs  it  against  the  body.  The  eyeworm  has  an  indirect 
life  cycle,  the  cockroach  serving  as  intermediate  host.  The  eggs  of  the 
eyeworm  are  passed  down  the  tear  duct  to  the  bird’s  mouth  and  are 
subsequently  voided  with  the  droppings.  The  cockroach  eats  the  egg  or 
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newly  hatched  larvae,  and  when  the  cockroach  is  devoured  by  the  chicken 
the  young  eyeworms  are  released  and  make  their  way  to  the  nictating 
membrane  of  the  chicken’s  eye. 

Strict  sanitation  in  houses  and  yards  is  a  necessary  preventive  meas¬ 
ure  against  cockroaches.  For  treatment,  the  Florida  Experiment  Station 
recommends  instilling  into  the  eye  a  few  drops  of  butyn  (local  anesthetic), 
then  lifting  the  nictating  membrane  and  placing  1  or  2  drops  of  a  5  per 
cent  solution  of  creolin  directly  on  the  eyeworms,  which  are  about  %  in- 
long.  The  eye  should  be  thoroughly  irrigated  with  clean  water  immedi¬ 
ately  after  instilling  the  creolin. 

Gapeworms.— The  chicken  gapeworm  ( Syngamus  trachea)  attacks  the 
trachea  of  chickens  and  is  most  harmful  with  growing  chicks.  It  is 
unique  in  that  the  male  and  female  remain  permanently  attached  to  each 
other,  the  male  being  up  to  }/±  in.  long,  and  the  female  up  to  %  in.  long. 
The  disruption  of  the  female  is  necessary  to  liberate  her  eggs,  which 
are  expelled  with  the  chicken’s  droppings,  young  embryos  developing 
under  suitable  conditions.  Earthworms  sometimes  serve  as  intermediate 
hosts.  Eggs  containing  embryos,  embryos  that  have  hatched,  or  earth¬ 
worms  containing  the  larvae,  if  eaten  by  fowls,  migrate  to  the  trachea 
where  they  cause  inflammation  and  the  accumulation  of  mucus,  which 
causes  the  chicken  to  sneeze  and  “gape”  for  air.  The  chicken  loses 
weight,  and  death  from  suffocation  may  ensue. 

Preventive  measures  include  frequent  cleaning  of  the  poultry  houses 
and  keeping  chickens  away  from  turkeys,  because  turkeys  may  be  infested 
without  apparent  injury  to  themselves  but  constantly  serve  as  a  source  of 
infestation  for  chickens.  Successful  treatment  is  extremely  difficult, 
rotating  a  coiled  horsehair  in  the  trachea  usually  proving  only  partially 
successful. 

Gizzard  Worms. — Inasmuch  as  the  gizzard  worm  ( Cheilospirura 
hamulosa)  is  a  small  parasite  that  buries  itself  in  the  thick  muscles  of  the 
gizzard,  it  has  been  found  practically  impossible  to  prescribe  an  effective 
treatment.  The  internal  symptoms  consist  of  nodules  on  the  surface 
of  the  gizzard,  and  there  are  no  specific  external  symptoms.  Two  species 
of  grasshoppers  serve  as  intermediate  hosts,  thus  making  it  difficult 
adequately  to  provide  proper  preventive  measures. 

Large  Intestinal  Roundworms. — The  large  intestinal  roundworm 
(Ascaridia  lineata)  infests  the  small  intestine,  for  the  most  part,  and  is  a 
very  serious  menace  in  many  flocks,  especially  where  no  reasonable  pre¬ 
ventive  measures  are  undertaken.  It  has  a  direct  reproductive  cycle,  its 
egg  being  voided  in  the  chicken’s  droppings  and  under  suitable  environ¬ 
mental  conditions  developing  into  a  young  embryo,  which  when  devoured 
by  the  chicken  continues  its  development  in  the  small  intestine,  sometimes 
reaching  a  length  of  4  in.  Definite  external  symptoms  of  heavy  round- 
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Fig.  148. — Proper  sanitation  is  an  important  factor  in  controlling  round  worms  and  caeca 
worms.  ( Modified  from  original  by  U.  S.  Dept.  Agr.) 
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worm  infestation  are  recognizable,  the  chickens  losing  weight,  becoming 
emaciated,  and  having  ruffled  feathers,  bleached  beaks  and  shanks,  and 
in  some  cases  lameness. 

A  sanitary  yarding  system,  involving  the  use  of  alternate  yards  on 
which  green  grass  or  other  vegetation  is  grown,  followed  by  cultivation 
and  reseeding,  is  one  of  the  most  effective  measures  of  prevention.  Sani¬ 
tary  houses  combined  with  the  removal  of  the  litter  at  intervals  of  10  days 
will  help  in  preventing  roundworm  eggs  from  developing  into  the  infec¬ 
tious  stage.  Sanitary  yards  and  houses  for  growing  chicks  are  of  the 
utmost  importance,  a  necessary  prerequisite  being  the  complete  separation 
of  growing  chicks  from  adult  birds. 

When  a  flock  of  birds  becomes  heavily  infested  it  may  be  given  the 
tobacco-dust  treatment.  The  Pennsylvania  Experiment  Station  found 
that  using  a  diet  containing  0.4  per  cent  by  weight  of  ground  tobacco 
of  the  Nicotiana  rustica  strain,  which  has  a  nicotine  content  equal  to  5  per 
cent  of  its  dry  weight,  was  effective  in  controlling  roundworm  infestation. 
The  tobacco-dust-mash  mixture  should  be  fed  for  about  4  weeks. 

For  treating  individual  birds  the  California  Experiment  Station 
recommends  using  a  mixture  of  6.6  cc.  of  nicotine  sulfate  thoroughly 
mixed  with  16  g.  of  Lloyd’s  Alkaloidal  reagent.  One  dose  of  this  mixed 
powder  consists  of  0.35  to  0.4  g.  in  a  No.  2  capsule,  which  is  administered 
by  placing  the  capsule  well  back  in  the  bird’s  throat  and  then  from  the 
outside  of  the  throat  forcing  it  into  the  crop  with  the  aid  of  the  thumb  and 
forefinger.  A  No.  2  capsule  is  a  safe  dose  for  birds  over  2  months  old. 
The  Kansas  Experiment  Station  found  that  carbon  tetrachloride  in  gelatin 
capsules  at  the  dose  rate  of  4  cc.  per  kilogram  of  body  weight  was  effective 
in  expelling  intestinal  roundworms  and  that  in  chicks  there  were  no  toxic 
effects  but  that  in  laying  pullets  egg  production  was  materially  lowered 
for  a  period  of  about  10  days. 

After  feeding  the  tobacco-dust-mash  mixture  or  giving  the  No.  2 
capsules  the  poultry  house  should  be  cleaned  thoroughly,  and  the  litter 
burned.  If  only  a  few  birds  are  treated  with  No.  2  capsules  they  should 
be  kept  separate  from  the  rest  of  the  flock  until  all  roundworms  have  been 
passed. 

Small  Intestinal  Roundworms. — The  small  intestinal  roundworm 
( Strongyloides  avium)  inhabits  the  caeca  of  chickens,  causing  a  thickening 
of  the  caecal  wall  and  in  severe  cases  bloody  diarrhea.  Apparently  no 
effective  treatment  has  been  devised,  sanitary  yards  and  houses  for  the 
growing  chicks  being  the  best  preventive  measure. 

Spiral  Proventriculus  Worms. — This  roundworm  ( Dispharynx  spira¬ 
lis)  infests  the  proventriculus  of  chickens  but  is  not  common.  Two 
species  of  sow  bugs  serve  as  intermediate  hosts,  so  that  clean  houses  and 
yards  are  necessary  preventive  measures. 
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Tetramere  Proventriculus  Worms. — This  parasite  ( Tetrameres  ameri- 
cana)  also  infests  the  proventriculus  of  chickens.  The  life  cycle  is 
indirect,  cockroaches  and  grasshoppers  serving  as  intermediate  hosts. 
This  makes  it  difficult  to  prescribe  preventive  measures,  and  apparently 
no  effective  treatment  has  as  yet  been  devised. 

Tapeworms. — There  are  several  different  species  of  tapeworms  that 
infest  chickens,  some  being  very  minute,  while  others  may  attain  a  length 
of  12  in.  The  most  commonly  encountered  tapeworms  in  a  Michigan 
survey  were  Raillietina  cesticillus  and  Hymenolepis  carioca.  The  life 
cycle  of  all  tapeworms,  in  so  far  as  it  has  been  determined,  is  indirect,  the 
housefly,  worms,  beetles,  and  other  insects  serving  as  intermediate  hosts. 

The  tapeworm  attaches  itself  to  the  wall  of  the  intestine  by  its  head, 
behind  which  new  segments  continue  to  be  formed,  the  sections  farthest 
from  the  head  being  the  egg-producing  segments.  As  new  segments  are 
formed,  the  terminal  ones  are  cast  off  and  are  voided  with  the  chicken’s 
droppings.  The  eggs  in  the  expelled  segments  upon  being  eaten  by  any 
of  the  numerous  intermediate  hosts  develop  into  the  infectious  stage,  and 
when  the  chicken  devours  one  of  these  intermediate  hosts  the  young  tape¬ 
worms  are  released  in  the  intestinal  tract  and  attach  themselves  to  the 
wall  of  the  intestine.  A  very  large  number  of  tapeworms  may  be 
observed  in  the  more  severely  infested  cases. 

Since  tapeworms  feed  upon  the  fluids  of  the  intestinal  wall,  the  severity 
of  the  infestation  increases  the  drain  on  the  bird’s  system  until  emaciation 
precedes  death. 

Preventive  measures  include  clean  houses  and  clean  yards  as  well  as 
well-balanced  diets  to  enable  the  birds  to  withstand  the  strain  upon  the 
digestive  system. 

In  view  of  the  fact  that  tapeworms  attach  themselves  to  the  wall  of 
the  intestine  by  means  of  hooks  and  suckers,  it  is  apparent  that  effective 
treatment  would  naturally  be  very  difficult.  Most  remedies  that  have 
been  tried  have  unfortunately  proved  largely  ineffectual.  The  Michigan 
Experiment  Station  has  recently  reported  that  iodione  vermicide  is  of 
some  value. 

Flukes. — The  fluke  of  the  Prosthogonimus  species  has  been  observed 
in  the  ovary,  oviduct,  and  cloaca  of  chickens.  It  is  reddish  brown  in 
color  and  about  }/i  in.  long  and  has  a  complicated  life  cycle,  the  snail 
being  the  first  intermediate  host  followed  by  the  dragonfly  as  the  second 
necessary  intermediate  host.  As  a  preventive  measure  chickens  should 
not  be  allowed  access  to  low,  wet  areas  commonly  inhabited  by  flukes. 

Another  fluke  ( Psilostomum  ondatrae)  has  been  reported  to  infest 
the  proventriculus,  causing  enlargement  and  inflammation.  In  one  case, 
snails  were  believed  to  serve  as  the  intermediate  hosts,  and  when  they 
were  eliminated  no  further  trouble  was  encountered. 
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Fig.  149. — Sanitation  is  an  important  factor  in  controlling  tapeworms.  ( Modified  from, 

the  original  by  U.  S.  Dept.  Agr.) 
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NUTRITIONAL  DISORDERS 

During  the  past  few  years  research  work  on  poultry  nutrition  has 
demonstrated  most  clearly  that  chickens  must  be  fed  reasonably  well- 
balanced  diets,  or  they  will  suffer  in  one  of  several  different  ways.  Prop¬ 
erly  balanced  diets  are  of  fundamental  importance  in  promoting  the 
physiological  well-being  of  the  chicken  and  in  maintaining  its  health, 
especially  in  the  case  of  birds  kept  in  strict  confinement.  Apparently 
sunshine,  green  grass,  and  other  “ outdoor”  feeds  contain  something  that 
is  not  provided  in  most  of  the  diets  that  have  been  compounded. 

As  pointed  out  in  the  two  preceding  chapters,  chicks  raised  indoors 
suffer  from  rickets  because  of  a  lack  of  vitamin  D  unless  certain  supple¬ 
mentary  sources  of  the  vitamin  are  added  to  the  diet.  The  proper  calci¬ 
fication  of  bone  depends  not  only  upon  an  adequate  supply  of  vitamin  D 
but  also  upon  the  available  supplies  of  calcium  and  phosphorus,  which 
must  be  in  correct  proportions  one  to  the  other  in  order  to  give  best 
results.  Manganese,  and  perhaps  other  minerals,  are  necessary  in  the 
diet  of  the  growing  chick  to  prevent  perosis  or  slipped  tendon. 

Research  work  has  also  shown  that  other  vitamins  besides  D  must  be 
present  in  adequate  amounts  both  for  chicks  and  for  laying  hens.  For 
satisfactory  market-  and  hatching-egg  production  the  hen  must  have 
abundant  supplies  of  A,  B,  and  E  as  well  as  other  vitamins.  Riboflavin 
and  the  filtrate  factor  are  two  vitamins  necessary  for  promoting  normal 
growth. 

The  quality  of  protein  contained  in  the  diet  has  been  shown  to  be  of 
importance,  particularly  with  respect  to  its  free  fatty-acid  content. 

In  these  and  in  other  ways  research  work  has  demonstrated  that  faulty 
diets  sometimes  cause  serious  consequences  in  malnutrition,  although  it 
should  be  pointed  out  here  that  when  chicks  and  adult  stock  are  allowed 
in  the  sunshine  and  have  access  to  a  good  range  of  green  grass  there  is 
little  likelihood  of  their  diets  being  deficient  in  any  important  respect. 
The  various  deficiency  diseases  of  dietary  origin  have  already  been  dis¬ 
cussed  in  the  two  preceding  chapters,  so  that  it  is  necessary  to  discuss 
only  very  briefly  here  a  few  other  nutritional  disorders  not  specifically 
discussed  previously. 

Anemia. — It  has  been  demonstrated  that  chicks  raised  on  an  all-milk 
diet  develop  an  anemic  condition  by  the  time  they  are  about  3  weeks  old, 
demonstrating  a  deficiency  of  iron  and  copper. 

Fatty  Liver. — This  condition  has  been  observed  by  workers  at  the 
Connecticut  Experiment  Station  in  chicks  that  died  between  the  fourth 
and  seventh  day  of  brooding,  the  liver  being  intense  yellow  in  color  and 
filled  with  minute  globules  of  fat.  The  cause  is  unknown,  and  the  condi¬ 
tion  has  not  become  a  serious  menace. 
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Goiter. — Although  goiter  has  been  known  to  occur  in  fowls,  it  has  not 
been  demonstrated  to  be  of  serious  consequence,  nor  have  experiment- 
station  tests  demonstrated  the  necessity  of  adding  iodine  to  ordinary 
poultry  diets. 

Gout. — This  disorder  has  been  observed  in  chicks  but  is  more  usually 
found  in  adult  birds  and  is  believed  to  be  due  to  some  disturbance  in  the 
utilization  of  proteins  in  the  feed.  The  kidneys  are  pale  and  enlarged, 
frequently  being  coated  with  a  whitish  sugarlike  material,  a  similar 
condition  sometimes  also  being  found  on  the  lining  of  the  abdomen  and 
the  surface  of  the  liver.  Injury  to  the  kidneys  is  very  apt  to  disturb  the 
normal  elimination  of  uric  acid,  which  tends  to  accumulate  in  a  pre¬ 
cipitated  form  and  sometimes  gives  rise  to  uremic  poisoning. 

Gout  may  be  associated  with  vitamin  A  deficiency,  although  it  is 
supposed  to  be  due  primarily  to  an  excessively  high  level  of  protein. 
Recommendations  in  the  way  of  a  cure  include  lowering  the  protein  level 
of  the  diet  and  feeding  a  mash  containing  10  per  cent  of  alfalfa-leaf 
meal. 

Nutritional  Encephalomalacia. — Chicks  up  to  2  months  of  age  are  sus¬ 
ceptible  to  this  disease,  which  affects  the  brain.  External  symptoms  in¬ 
clude  stupor,  tremors,  head  twisting,  and  convulsive  spasms  of  the  legs. 
It  has  been  reported  that  2.4  mg.  daily  per  chick  of  the  nonsaponifiable 
fraction  of  soybean  oil  affords  protection  against  the  disease. 

Protein  Poisoning. — Under  the  popular  name  of  “ crazy-chick”  dis¬ 
ease,  this  has  been  observed  most  frequently  in  rapidly  growing  chicks 
between  the  second  and  fifth  weeks  of  age.  The  characteristic  symptoms 
include  a  lack  of  balance  associated  with  lack  of  muscular  control  and 
occasionally  a  twisting  of  the  head.  The  kidneys  are  enlarged  and 
congested.  The  exact  cause  has  not  been  determined,  and  about  the 
only  recommendation  that  has  been  made  is  to  give  a  mild  milk  flush  and 
change  the  diet. 


PROTOZOAN  DISEASES 

A  protozoon  (plural,  protozoa)  is  the  smallest  kind  of  animal  in  exist¬ 
ence  and  is  a  one-celled  creature,  some  forms  of  which  cause  considerable 
damage  in  the  higher  forms  of  animal  life,  including  chickens.  Although 
blackhead  and  certain  other  protozoan  diseases  are  important,  by  far  the 
most  outstanding  one  from  the  standpoint  of  economic  importance  is 
coccidiosis,  which  derives  its  name  from  the  fact  that  the  causative  agent 
is  a  protozoan  form  of  animal  life  called  “coccidia.”  There  are  other 
protozoan  forms  that  are  parasites  to  chickens,  but  for  the  most  part  at 
present  they  are  of  relatively  little  consequence. 

Blackhead. — This  disease,  called  “infectious  enterohepatitis,”  is 
caused  by  the  protozoan  parasite  Histomonas  meleagridis  and  is  much 
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more  commonly  found  in  turkeys  than  in  chickens.  The  parasites  inhabit 
the  caeca  and  in  a  certain  stage  of  development  gain  access  to  the  blood 
stream  by  means  of  the  liver. 

Caecal  worms  in  the  caeca  sometimes  become  infected  with  the  black¬ 
head  organism,  and  when  the  worm  lays  its  eggs,  some  of  the  organisms 
are  contained  within  the  eggs.  When  these  eggs  are  voided  with  the 
chicken’s  droppings  they  are  protected  for  some  time  and  then  may  be 
picked  up  by  other  chickens,  which  become  infected  with  blackhead  and 
infested  with  caecal  worms. 

No  satisfactory  medical  treatment  is  known.  Since  chickens  may 
contract  blackhead,  however,  it  is  obvious  that  they  may  serve  as  carriers 
to  transmit  the  disease  to  turkeys,  in  which  the  disease  is  highly  fatal. 
It  is  obvious,  therefore,  that  chickens  and  turkeys  should  never  be  allowed 
together,  nor  should  they  be  allowed  access  to  the  same  land. 

Coccidiosis. — Heavy  mortality  sometimes  results  from  coccidiosis, 
especially  in  young  chicks  up  to  2  months  of  age.  The  disease  is  caused 
by  a  very  small  protozoan  organism,  which  multiplies  very  rapidly  in  the 
intestines  of  chickens.  Six  species  of  coccidia  have  been  identified: 
Eimeria  tenella,  Eimeria  mitis,  Eimeria  acervulina,  Eimeria  maxima , 
Eimeria  necotrix,  and  Eimeria  praecox.  Eimeria  tenella  produces  caecal 
coccidiosis,  and  the  others  produce  intestinal  coccidiosis. 

The  life  cycle  of  the  coccidium  is  a  complicated  one,  involving  an 
asexual  as  well  as  a  sexual  cycle.  The  organism,  expelled  with  the  drop¬ 
pings,  is  termed  an  “oocyst.”  Under  favorable  environmental  conditions 
the  oocysts  undergo  a  process  known  as  “  sporulation”  and  develop  into 
sporocysts.  When  devoured  by  a  chicken  along  with  feed,  the  sporocysts, 
in  the  intestinal  tract,  give  rise  to  spindle-shaped  bodies  called  “sporo¬ 
zoites,”  which  are  released  from  the  oocyst  shell  and  enter  the  epithelial 
cells  of  the  walls  of  the  intestine  where  they  finally  develop  into  schizonts, 
which  in  turn  give  rise  to  merozoites.  While  embedded  in  the  epithelial 
cells  of  the  walls  of  the  chicken’s  intestine  the  merozoite  develops  into 
a  schizont  so  that  the  usual  cycle  involves  the  development  of  schizonts 
into  merozoites  and  back  again  into  schizonts,  this  repeated  process 
causing  severe  damage  to  the  mucous  membrane  of  the  wall  of  the 
intestine  of  the  chicken. 

The  sexual  cycle  emerges  when  the  merozoites,  instead  of  forming 
schizonts,  give  rise  to  the  formation  of  male  and  female  cells,  which  unite 
to  produce  oocysts.  The  oocysts  are  expelled  with  the  chicken’s  drop¬ 
pings  and  upon  sporulation  become  infective  organisms  ready  to  be 
devoured  by  the  chicken  to  carry  on  further  reinfestation.  From  about 
4  to  10  days  are  usually  required  for  the  sporulation  of  the  oocysts  to  take 
place,  a  very  important  point  to  remember  in  any  control  measures 
undertaken. 
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Chicks  heavily  infected  with  coccidiosis  become  droopy,  look 
unthrifty,  usually  have  ruffled  feathers  and  pale  beaks  and  shanks,  and 
eventually  become  so  emaciated  that  death  follows.  The  mortality  in  a 
flock  may  be  high  and  may  occur  very  suddenly.  Chicks  that  apparently 
recover  from  the  disease  may  have  the  disease  in  chronic  form  as  adults. 
Old  birds  that  have  become  immune  to  the  disease  are  a  constant  source 
of  reinfection.  No  old  birds  should  ever  be  allowed  on  the  range  with 
growing  chicks. 


Fig.  150. — The  life  cycle  of  the  coccidiosis  parasite.  Under  favorable  conditions  the 
entire  life  cycle  of  the  parasite  which  causes  coccidiosis  may  be  completed  in  from  eight  to 
ten  days.  In  the  egg  stage  it  gets  into  the  intestinal  tract  by  means  of  contaminated  feed 
and  water.  {Calif.  Ayr.  Exp.  Sta .) 

Since  the  sporulated  oocysts  constitute  the  infective  stage,  and  since 
they  are  voided  with  the  droppings,  it  is  obvious  that  any  control  meas¬ 
ures  must  be  directed  against  the  droppings.  All  feed  should  be  kept  as 
free  as  possible  from  contamination  by  oocysts.  Under  the  roosts  and 
around  the  watering  pan  are  particularly  dangerous  sources  of  infection. 
It  follows,  therefore,  that  the  most  effective  preventive  measure  is  sanita¬ 
tion  in  the  houses  and  yards. 

Infected  birds  should  be  promptly  removed  from  the  flock.  The 
houses  should  be  cleaned  thoroughly  and  disinfected  with  lye  water  near 
the  boiling  point.  A  strong  disinfectant  must  be  used  because  the  oocyst 
is  very  resistant  to  most  disinfectants.  Feed  troughs  and  watering  pans 


DISEASE  PREVENTION 


365 


should  be  placed  on  wire  platforms,  and  the  litter  in  the  house  should  be 
kept  thoroughly  dry.  The  cultivation  of  the  yards  and  providing  clean 
range  are  very  necessary. 

According  to  the  Connecticut  Experiment  Station  the  various  treat¬ 
ments  that  have  been  recommended  as  cures  for  coccidiosis  are  useful 
only  in  so  far  as  they  help  the  bird  eliminate  the  parasites  from  its  system. 
It  is  further  stated  that  no  drug  or  remedy  is  known  that  will  kill  the 
organisms  in  the  cells  of  the  walls  of  the  intestinal  tract  without  causing 
irreparable  damage  to  the  tract.  Recently,  however,  the  Wisconsin 
Experiment  Station  has  secured  evidence  indicating  that  a  diet  containing 
2  per  cent  of  flowers  of  sulfur  is  of  value  in  preventing  and  reducing 
caecal  coccidial  infection  but  not  as  a  cure.  Apparently  not  more  than 


Fig.  151. — Chicks  infected  with  coccidiosis.  ( Sawyer  and  Worley,  1927.) 


2  per  cent  of  flowers  of  sulfur  should  be  used,  or  injury  may  result  to  the 
chick’s  digestive  tract.  Some  evidence  was  secured  indicating  that 
colloidal  and  organic  sulfur  are  perhaps  more  efficacious  than  flowers  of 
sulfur. 

Some  experimental  work  has  been  done  demonstrating  the  possibility 
of  developing  a  certain  degree  of  immunity  against  severe  coccidiosis  by 
feeding  measured  suspensions  of  oocysts  to  chickens.  It  is  on  the  basis  of 
such  work  that  the  practice  is  sometimes  adopted  of  raising  chickens  in 
uncleaned  houses,  the  theory  being  that  the  chicks  will  develop  immunity. 
Under  such  conditions  there  is  nearly  always  bound  to  be  some  mortality, 
in  some  cases  assuming  large  proportions. 

Spirochetosis. — This  disease  has  been  observed  in  some  foreign  coun¬ 
tries  and  is  due  to  a  protozoan  organism  called  Borrelia  gallinarum 
(Spirocheta  gallinarum) ,  which  is  transmitted  from  one  chicken  to  another 
by  the  tick  Argas  persicus.  Infected  birds  suffer  from  diarrhea  and  loss 
of  appetite  and  soon  become  pale  and  droopy,  young  birds  being  more 
susceptible  than  older  ones.  Enlargement  and  degeneration  of  the  liver 
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takes  place.  The  most  effective  preventive  measure  is  the  eradication 
of  the  tick. 

Trichomoniasis. — The  protozoa  Trichomonas  pullorum  is  the  cause 
of  this  highly  fatal  disease  of  baby  chicks,  those  over  1  month  old  having 
been  found  resistant.  Although  the  chicks  maintain  their  appetites,  their 
eyes  are  closed,  heads  become  pale,  and  wings  drag.  Sour  milk  has  been 
reported  to  be  of  some  value  as  a  remedy. 

BACTERIAL  DISEASES 

Bacteria  of  various  kinds  are  always  present  in  the  intestinal  tract 
of  the  chicken,  some  of  them  apparently  being  quite  harmless,  though 
some  give  rise  to  specific  bacterial  infections. 

Botulism. — Also  known  as  “limberneck,”  the  cause  of  this  disease 
is  a  highly  poisonous  substance  produced  by  the  microorganism  Clostri¬ 
dium  hotulinum.  Of  the  three  different  types  of  microorganisms,  types  A 
and  C  produce  toxins  affecting  fowls.  The  microorganism  is  apparently 
quite  prevalent  in  the  soil  in  all  parts  of  the  country. 

Upon  becoming  infected,  the  chicken  is  soon  unable  to  stand  and 
rests  upon  the  ground  with  its  neck  and  wing  muscles  paralyzed.  The 
treatment  of  infected  birds  usually  proves  useless,  although  epsom  salts 
given  in  the  drinking  water  at  the  rate  of  1  lb.  per  100  birds  will  serve  as  a 
flush.  Where  botulism  occurs  in  any  flock,  careful  examination  should 
be  made  of  the  premises  to  see  if  dead  animals  or  other  possible  sources 
of  contamination  exist. 

Fowl  Cholera. — Fowl  cholera  is  a  highly  infectious,  rapidly  fatal 
disease,  caused  by  Pasteurella  avicida,  a  microorganism  that  multiplies 
to  enormous  numbers  in  the  blood  and  various  organs  of  the  body,  pro¬ 
ducing  a  septicemia,  or  blood  poisoning.  The  disease  is  carried  by  sick 
or  recently  recovered  birds,  by  wild  birds,  persons,  other  animals,  or 
poultry  utensils  that  have  been  on  infected  premises.  Cholera  spreads 
rapidly  throughout  the  flock,  because  the  first  birds  to  become  infected 
give  off  great  numbers  of  the  microorganisms  in  their  droppings,  and  these 
microorganisms  are  picked  up  by  the  other  birds. 

The  first  symptom  is  a  yellowish  coloration  of  the  droppings,  followed 
by  yellowish,  brownish,  or  greenish  diarrhea.  An  infected  bird  becomes 
droopy,  feverish,  and  sleepy  and  sits  with  the  head  drawn  down  or  turned 
backward,  rested  in  the  feathers  about  the  wing.  The  appetite  dimin¬ 
ishes,  thirst  increases,  and  breathing  becomes  difficult.  Finally  the 
bird  is  unable  to  stand,  lying  with  the  beak  resting  on  the  ground.  The 
comb  and  wattles  often  turn  a  dark  bluish  red. 

During  an  acute  outbreak  sickness  is  seldom  noticed  more  than  24  hr. 
before  death,  which  usually  occurs  within  3  days  from  the  time  of  infec¬ 
tion.  The  disease  may  destroy  the  greater  part  of  a  flock  in  a  week  and 
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then  disappear,  or  it  may  linger  in  a  chronic  form  for  months,  only  occa¬ 
sionally  killing  a  bird.  In  the  chronic  form  a  continually  increasing 
weakness,  loss  of  weight,  paleness  of  head,  and,  finally,  an  exhausting 
diarrhea  are  outstanding  characteristics.  Sometimes  the  joints  of  the 
wings  or  legs  swell,  which  may  break  and  discharge  a  creamy  or  cheesy 
mass. 

A  dead  bird  usually  has  red  spots  or  hemorrhages  on  the  surface  of 
the  heart.  The  small  intestine  is  congested  and  hemorrhagic,  and  the 
contents  consist  of  a  pasty  mass.  The  vessels  of  the  visceral  organs  may 
be  congested;  the  liver  and  spleen  enlarged. 

Since  treatment  of  affected  birds  is  futile,  preventive  measures  should 
be  undertaken  to  prevent  so  far  as  possible  the  spread  of  infection.  The 
first  fowls  showing  acute  symptoms  should  be  destroyed  and  burned. 
The  houses  and  yards  should  be  thoroughly  cleaned  at  frequent  intervals 
and  disinfected  with  compound  solution  of  cresol  in  3  per  cent  solution 
or  a  reliable  coal-tar  disinfectant  in  proper  dilution.  Drinking  vessels 
and  feed  troughs  should  be  disinfected  daily.  The  protein  level  of  the 
diet  should  be  reduced  at  least  one-half,  and  the  flock  watched  carefully 
for  any  further  evidence  of  the  disease. 

Fowl  Tuberculosis. — Avian  tuberculosis  is  a  chronic  infectious  disease 
of  great  importance  not  only  as  a  disease  of  chickens  but  also  because  it 
may  be  transmitted  from  chickens  to  swine.  Avian  tuberculosis  is  caused 
by  Mycobacterium  avium ,  which  may  be  introduced  into  a  flock  by  the 
purchase  of  infected  birds  or  by  wild  birds  and  other  animals. 

The  disease  usually  progresses  slowly  so  that  symptoms  are  for  the 
most  part  observable  only  in  birds  over  one  year  of  age.  In  advanced 
stages  of  the  disease  there  is  loss  in  weight,  dullness,  dry  appearance  of 
the  feathers,  and  diarrhea  with  greenish  or  yellowish  droppings.  On 
post-mortem  examination  the  liver,  spleen,  and  intestines  are  covered  with 
yellowish-colored  tubercles  of  varying  sizes. 

In  living  fowls  tuberculosis  may  be  diagnosed  by  applying  the  tuber¬ 
culin  test,  as  in  the  case  of  dairy  cattle.  A  small  drop  of  tuberculin 
is  injected  into  the  skin  of  one  wattle,  the  other  being  used  as  a  control. 
The  manner  of  injecting  the  tuberculin  requires  skill  and  care,  and  the 
test  should  be  done  only  by  properly  qualified  persons.  The  results  of 
the  test  should  be  read  48  hr.  after  injection,  a  positive  reaction  consisting 
of  a  doughy  swelling  of  the  injected  wattle. 

Since  droppings  constitute  the  greatest  source  of  infection,  special 
precautions  should  be  taken  to  prevent  chickens  from  coming  in  contact 
with  droppings  of  infected  birds.  All  utensils  should  be  carefully  pro¬ 
tected  so  that  birds  cannot  get  their  feet  into  them.  They  should  be  so 
arranged  that  they  may  be  disinfected  easily.  The  birds  should  not  be 
fed  on  bare  land  or  in  filthy  houses.  There  should  be  no  water  puddles 
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or  mud  holes  in  the  yards,  and  the  birds  should  not  be  allowed  access  to 
dark,  damp  places  under  the  farm  buildings  or  elsewhere. 

Newly  purchased  birds  should  be  placed  in  quarantine  for  at  least 
2  weeks  before  they  are  allowed  to  mingle  with  the  flock.  A  wise  precau¬ 
tion  would  be  to  purchase  birds  that  have  passed  the  tuberculin  test. 

Fowl  Typhoid. — Fowl  typhoid  is  an  infectious  disease  occurring  in 
adult  chickens  and  is  caused  by  a  microorganism  called  Salmonella  san- 
guinaria.  It  was  formerly  regarded  as  of  importance  to  adult  birds  only 
but  has  recently  been  shown  to  attack  young  chicks,  sometimes  causing 
heavy  losses. 

Fowl  typhoid  may  be  introduced  into  a  flock  by  infected  birds  or 
infected  material,  such  as  shoes  and  litter.  The  symptoms  in  infected 
chickens  include  dullness,  loss  of  appetite,  and  fever,  and  the  droppings 
are  soft  and  greenish  or  yellowish  in  color.  The  symptoms  may  be 
observed  4  to  6  days  after  the  birds  become  infected.  Because  the  disease 
is  highly  infectious,  all  diseased  birds  should  be  removed  from  the  flock 
immediately,  killed,  and  burned.  The  healthy  birds  should  be  moved  to 
new  quarters,  if  possible,  and  the  houses  and  equipment  should  be  thor¬ 
oughly  cleaned  and  disinfected  with  a  3  per  cent  cresol  compound. 

Observations  made  at  the  New  Jersey  and  California  experiment 
stations  indicate  that  the  disease  may  be  transmitted  through  the  egg. 

Vaccination  against  fowl  typhoid  is  practiced  rather  extensively 
in  some  sections,  the  vaccine  consisting  of  a  suspension  of  the  micro¬ 
organisms  in  which  their  virulence  has  been  reduced  or  destroyed  by  heat 
or  by  chemicals.  It  should  be  observed,  however,  that  birds  successfully 
vaccinated  against  fowl  typhoid  will  give  a  positive  reaction  to  the  agglu¬ 
tination  test  for  the  pullorum  disease  for  as  long  as  36  days  after  a  single 
injection  of  fowl-typhoid  vaccine  and  for  as  long  as  65  days  after  a  double 
injection  of  the  vaccine. 

Omphalitis. — This  disease,  which  is  also  known  as  “ navel  ill/’  results 
from  the  bacterial  infection  of  the  navel  at  about  hatching  time,  several 
different  kinds  of  microorganisms  apparently  being  involved.  The  wet 
form  of  omphalitis  is  known  as  “mushy  chick  disease”  and  is  associated 
with  infections  by  certain  members  of  the  bacterial  genus  Clostridium;  the 
dry  form  is  associated  with  nonspecific  bacterial  infections. 

The  disease  appears  during  the  second  or  third  day  after  hatching, 
reaches  its  height  by  the  sixth,  and  disappears  entirely  by  the  tenth  day. 
The  infected  chicks  appear  stunted  and  groggy. 

There  appears  to  be  no  satisfactory  method  of  treatment.  The  most 
effective  preventive  measure  consists  of  the  frequent  cleaning  and  disin¬ 
fection  of  the  incubators  and  hatching  compartments.  The  Connecticut 
Experiment  Station  recommends  disinfecting  the  incubators  between 
hatches  by  using  3.5  fluid  ounces  of  commercial  formalin,  evaporated  from 
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cheesecloth,  per  100  cu.  ft.  of  incubator  contents  at  a  wet-bulb  reading 
of  90°F. 

Pullorum  Disease. — The  pullorum  disease,  which  frequently  causes 
such  enormous  losses  among  chicks,  has  been  called  “  bacillary  white 
diarrhea.”  It  is  caused  by  a  microorganism  called  Salmonella  pullorum, 
which  infects  the  ovary  of  the  hen,  although  it  is  also  found  in  the  yolk 
sac  and  intestinal  tract  of  chicks. 

The  ovary  of  an  infected  hen  presents  a  characteristic  appearance. 
The  partially  or  wholly  developed  yolks  are  angular  in  outline,  shrunken, 


Fig.  152. — Ovaries  from  two  hens  that  are  carriers  of  the  pullorum  disease  (bacillary  white 

diarrhea).  Practically  all  of  the  ova  are  abnormal.  ( Edwards  and  Hull,  1928.) 

hard,  and  discolored  to  a  dark  brown  or  greenish  color.  At  times,  yolks 
containing  dark  fluid  are  present. 

Chicks  that  recover  from  the  disease  frequently  retain  S.  pullorum 
in  their  bodies,  where  it  later  localizes  in  the  active  ovary.  The  disease 
may  be  contracted  also  by  feeding  with  fowls  that  harbor  the  organism  or 
by  eating  infected  eggs  and  in  some  cases  from  50  to  70  per  cent  of  a  flock 
of  hens  may  become  infected.  Many  of  the  eggs  laid  by  these  hens  carry 
the  microorganism,  and  chicks  hatched  from  them  spread  the  disease  to 
others. 

Nearly  all  of  the  exposed  chicks  become  infected,  and  the  death  rate 
may  reach  100  per  cent.  The  disease  may  be  transmitted  at  hatching 
time  if  eggs  from  infected  hens  are  incubated  in  the  same  incubator  with 
other  eggs.  Another  source  of  infection  is  through  incubators  and  brood¬ 
ers  that  have  previously  held  diseased  chicks.  Day-old  chicks  from 
infected  flocks  may  carry  infection  to  other  chicks. 

In  the  ordinary  form  of  the  disease  in  the  adult  hen  no  external  symp¬ 
toms  are  observed,  and  it  is  only  through  the  presence  of  the  disease  in 
the  chicks  that  attention  is  directed  to  its  presence  in  the  breeding  stock. 
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In  baby  chicks  hatched  from  infected  eggs  the  symptoms  appear 
immediately  after  hatching  or  in  a  day  or  so.  Chicks  that  contract  the 
disease  after  hatching  show  symptoms  4  to  10  days  later,  and  deaths  occur 
from  the  time  of  hatching  until  about  3  weeks  later. 

Infected  chicks  frequently  utter  squeaky  chirps  and  appear  drowsy 
and  ruffled,  and  the  vent  is  sometimes  smeared  with  fecal  discharges. 

Not  only  does  pullorum  disease  cause  heavy  mortality  among  infected 
chicks,  but  also  it  has  been  demonstrated  that  the  disease  is  responsible 


Fig.  153. — Showing  the  method  of  dissemination  and  the  means  of  control  of  pullorum 

disease.  ( Kans .  Agr.  Exp.  Sta.) 

for  lowering  hatchability  by  increasing  embryo  mortality  during  incuba¬ 
tion.  Results  have  been  secured  indicating  that  egg  production  is 
lowered  when  layers  are  infected  with  the  microorganism  causing  the 
disease. 

There  is  no  known  method  of  treatment;  in  fact,  the  nature  of  the 
disease  suggests  the  practical  difficulties  of  devising  methods  of  treatment 
that  could  reasonably  be  expected  to  be  of  value. 

Controlling  Dissemination. — It  is  possible,  however,  to  carry  out 
practical  methods  of  control  which  serve  the  purpose  of  reducing  mor¬ 
tality  among  chicks  to  the  minimum.  The  identification  of  infected  hens 
by  a  reliable  test,  their  removal  from  the  breeding  flocks,  the  cleaning  up 
and  disinfection  of  the  premises,  and  the  disinfection  of  the  incubators 
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and  hatching  compartments  constitute  the  minimum  measures  that  must 
be  undertaken  to  control  the  dissemination  of  pullorum  disease. 

There  are  three  reliable  methods  of  testing,  any  one  of  which  must 
be  performed  by  a  properly  qualified  party:  (1)  the  tube-agglutination 
test,  (2)  the  rapid  whole-blood  stained-antigen  test,  (3)  the  rapid-plate 
serum  test.  In  performing  any  one  of  the  three  tests  certain  precautions 
must  be  taken  with  respect  to  the  procedure  followed,  but  lack  of  space 
prevents  giving  the  details  here.  Moreover,  all  pullorum  testing  work 
should  be  carried  on  under  the  immediate  supervision  of  the  state  live¬ 
stock  sanitary  authority  or  similarity  qualified  official  in  each  state. 

The  tube-agglutination  and  the  rapid-plate  serum  test  must  be  con¬ 
ducted  in  the  laboratory,  the  sample  of  blood  from  each  bird  being  drawn 
from  the  bird  on  the  poultry  premises  and  shipped  to  the  laboratory  where 
the  “readings”  are  made.  The  leg-band  numbers  of  the  reacting  hens 
are  sent  to  the  flock  owner  who  must  go  over  his  flock  to  remove  all 
reactors. 

The  rapid  whole-blood  stained-antigen  test  is  conducted  on  the  poul¬ 
try  premises,  the  reacting  birds  being  removed  immediately  after  the 
reading  of  the  blood  samples. 

As  the  result  of  extensive  tests  conducted  by  investigators  at  the 
Illinois  Experiment  Station  it  was  concluded  that,  with  property  qualified 
parties  doing  the  work,  the  rapid  whole-blood  stained-antigen  test  is  the 
simplest  and  most  practical  method  devised  for  removing  reactors  from 
large  numbers  of  flocks. 

All  birds  over  4  months  of  age,  breeders  and  other  birds,  should  be 
tested  prior  to  the  breeding  season  each  year,  and  if  there  are  any  reactors 
the  flock  should  be  retested  not  less  than  30  days  thereafter.  Repeated 
tests  should  be  performed  until  all  remaining  birds  give  two  successive 
negative  tests  not  more  than  4  months  apart.  All  reactors  should  be 
removed  from  the  flock  upon  the  completion  of  the  test,  and  the  premises 
should  be  thoroughly  cleaned  and  disinfected.  Since  infected  hens  may 
transmit  the  disease  to  noninfected  hens,  the  reactors  should  be  removed 
from  the  premises  as  soon  as  practicable.  The  testing  of  the  breeding 
flocks  combined  with  the  removal  of  the  reactors  and  the  thorough  disin¬ 
fection  of  the  premises  constitutes  the  most  effective  way  of  controlling 
the  dissemination  of  the  disease. 

An  additional  valuable  method  of  controlling  it  is  by  fumigating  the 
incubators  or  hatching  compartments  24  hr.  before  each  hatch  for  the 
purpose  of  reducing  the  spread  of  infection  from  infected  to  noninfected 
chicks  at  hatching  time.  The  Illinois  Experiment  Station  has  demon¬ 
strated  that  disinfecting  forced-draft  incubators  with  formaldehyde  gas 
is  effective,  one  method  consisting  of  hanging  formolized  cheesecloth  in 
the  incubator,  and  another  consisting  of  mixing  formalin  with  potassium 
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permanganate.  Of  course,  eggs  from  nontested  flocks  should  never  be 
incubated  in  the  same  incubator  or  in  the  same  incubator  room  with  eggs 
from  tested  flocks,  but  even  where  eggs  from  tested  flocks  only  are  being 
incubated  it  is  sound  policy  to  practice  the  fumigation  of  the  incubators. 
The  proper  fumigation  of  incubators  requires  very  careful  procedure  to 
make  sure  that  the  disinfection  is  efficient.  A  number  of  institutions 
have  worked  out  the  proper  methods  of  procedure,  among  the  most 
complete  of  which  are  probably  those  developed  by  the  Illinois  Experi¬ 
ment  Station. 

Finally,  since  pullorum  infection  among  baby  chicks  frequently  results 
in  very  high  mortality,  it  is  wisdom  on  the  part  of  the  purchaser  of  baby 
chicks  to  secure  them  from  flock  owners  and  hatchery  operators  who  carry 
out  a  definite  system  of  pullorum  testing  and  sanitary  incubation. 

Salmonella  aertrycke  Infection. — This  is  a  highly  infectious  disease 
of  chicks  that  frequently  proves  highly  fatal.  In  the  cases  that  have  been 
reported,  chicks  from  3  to  10  days  of  age  were  affected,  the  symptoms 
being  much  the  same  as  in  the  case  of  pullorum  infection.  Practically 
nothing  seems  to  be  known  concerning  methods  of  treatment. 

Streptococcic  Peritonitis. — This  disease  is  caused  by  Streptococcus 
pyogenes  but  is  not  common  in  this  country.  Infected  birds  exhibit  many 
of  the  same  symptoms  as  in  other  diseases:  feathers  ruffled,  eyes  partly 
closed,  heads  drawn  back,  yellowish-  or  brownish-colored  feces.  The 
visceral  surface  of  the  peritoneum  and  the  ventral  surface  of  the  liver 
are  observed  to  be  covered  with  a  fibrinous  exudate.  No  treatment  has 
been  devised. 


VIRUS  DISEASES 

Some  of  the  most  important  diseases  affecting  chickens  are  caused 
by  filterable  viruses,  organisms  so  small  that  they  cannot  be  seen  even 
under  high-power  magnification  and  pass  through  filters  that  retain 
ordinary  types  of  bacteria. 

Epidemic  Tremor  of  Young  Chicks. — This  disease  may  occur  in  chicks 
at  any  time  during  the  first  6  weeks  but  usually  manifests  itself  when  the 
chicks  are  about  3  weeks  old.  The  first  and  most  noticeable  characteristic 
symptom  is  a  pronounced  trembling  of  the  head.  The  cause  of  the 
disease  has  not  been  definitely  ascertained,  and  naturally  no  cure  is  known. 
Epidemic  tremor  appears  to  be  different  from  congenital  tremor  in 
chicks,  which  is  most  likely  to  occur  at  hatching  time  and  apparently  is 
inherited. 

Infectious  Bronchitis. — This  is  a  disease  caused  by  a  filterable  virus 
which  affects  principally  the  respiratory  tract  of  chicks.  The  symptoms 
are  very  similar  to  those  produced  by  laryngotracheitis,  which  affects  old 
birds  more  severely  than  young  ones.  For  a  brief  discussion  of  the 
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general  symptoms,  reference  should  be  made  to  the  discussion  of  the 
latter  disease.  It  is  stated  that  in  infectious  bronchitis  there  is  no  blood 
in  the  respiratory  passages,  but  cheesy  matter  and  mucous  material 
may  be  found  in  the  bronchial  tubes.  The  mortality  among  chicks  suffer¬ 
ing  from  infectious  bronchitis  is  frequently  very  high. 

Fowl  Paralysis. — The  term  “fowl  paralysis”  (. Neurolymphomatosis 
gallinarum)  is  frequently  used  to  designate  a  complex  of  somewhat  related 
diseases.  There  is  lack  of  agreement  among  investigators  concerning 
the  causative  agent  as  well  as  the  relationship  among  the  different  forms 
of  the  disease,  which  for  the  present  may  be  termed  “neurolymphomato¬ 
sis,”  “lymphomatosis,”  “leukosis,”  and  “sarcoma.” 


Fig.  154. — A  stage  of  fowl  paralysis.  Fig.  155. — Fowl  paralysis  terminal 

(. Pappenheimer ,  Dunn,  and  Cone,  1929.)  stage,  complete  prostration.  ( Pappen - 

heimer,  Dunn,  and  Cone,  1929.) 

By  some  investigators  neurolymphomatosis  is  regarded  as  a  trans¬ 
missible  disease  characterized  by  infiltrations  and  tumorlike  formations 
in  the  motor  nerves,  resulting  in  the  paralysis  of  the  muscles  controlling 
motion.  Lymphomatosis  is  pathologically  characterized  by  anemia, 
hyperplasia  of  the  bone  marrow,  and  large-cell  lymphocytic  infiltrations 
of  the  visceral  organs  and  peripherial  nerves.  Four  types  of  leukosis  have 
been  recognized,  leukosis  in  general  being  regarded  as  a  disease  of  the 
blood  and  blood-forming  organs.  Sarcomas  are  thought  not  to  be  related 
to  leukosis. 

In  view  of  the  present  unsettled  problem  pertaining  to  this  disease 
complex,  it  is  possible  here  only  to  make  a  few  broad  generalizations 
concerning  the  effects  of  fowl  paralysis  on  chickens,  the  term  fowl  paraly- 
sis  being  used  here  in  a  very  general  sense.  The  disease  usually  occurs  in 
chicks  between  2  and  9  months  of  age,  although  it  has  been  observed  at  a 
younger  age.  Infected  birds  usually  die,  the  mortality  in  flocks  often 
exceeding  50  per  cent. 
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The  general  symptoms  include  lameness  in  one  or  both  legs,  droopy 
wings,  sometimes  grayish  color  of  the  iris  of  the  eye,  and  in  advanced  cases 
diarrhea  followed  by  emaciation.  Upon  microscopic  examination  of  the 
large  nerves,  alterations  in  size,  color,  and  form  are  noted.  The  large 
sciatic  nerve  frequently  shows  one  of  its  two  divisions  very  much  enlarged. 
Lesions  may  be  found  in  the  brain  and  the  spinal  cord,  and  tumorlike 
masses  may  be  present  in  several  of  the  organs  and  tissues. 

No  method  of  treatment  has  been  worked  out,  and  little  can  be  said 
regarding  preventive  measures.  Sanitation  is  of  importance,  and  great 


Fig.  156. — One  normal  and  one  inflamed  nerve  in  each  of  5  pairs  of  femoral  nerves  of 
fowls  suffering  from  fowl  paralysis.  Note  in  particular  the  marked  inflammation  of  one 
nerve  of  the  third  pair.  ( Kernohan ,  1936.) 

care  should  be  exercised  in  introducing  new  stock  to  make  sure  that  it  does 
not  come  from  an  infected  flock. 

Fowl  Plague. — This  disease,  formerly  called  “ European  fowl  pest,” 
appeared  in  the  United  States  for  the  first  time  in  1924.  It  is  a  very 
acute,  infectious  disease  which  has  caused  heavy  mortality  in  different 
parts  of  Europe  since  it  was  first  discovered  in  Italy  in  1878.  The  causa¬ 
tive  agent  of  the  disease  is  an  ultramicroscopic  virus. 

The  symptoms  of  chickens  affected  with  European  fowl  pest  include  a 
ruffled  condition  of  the  feathers,  loss  of  appetite,  droopiness,  darkening 
and  swelling  of  the  comb  and  wattles,  and  in  advanced  cases  a  clogging  up 
of  the  eyes  and  nostrils  with  a  sticky  exudate.  There  is  usually  a  wheez¬ 
ing  and  rattling  sound  during  breathing.  Death  usually  occurs  in  2  to 
5  days,  and,  since  the  disease  is  so  highly  infectious,  a  large  part  of  the 
flock  may  die  in  a  relatively  short  time. 
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Diseased  birds  cannot  be  treated  successfully,  so  that  the  best  the 
poultryman  can  do  is  to  prevent  its  appearance  in  the  flock  in  so  far  as 
possible.  This  can  be  accomplished  best  by  avoiding  the  purchase  of 
stock  from  places  where  the  disease  exists.  If  the  disease  does  break  out, 
diseased  birds  should  be  removed  from  the  flock  immediately,  and  the 
healthy  birds  should  be  moved  to  new  quarters.  The  diseased  birds 
should  be  killed  and  burned,  every  precaution  being  taken  to  avoid 
spilling  any  blood  on  any  part  of  the  premises.  The  houses  and  equip¬ 
ment  should  be  thoroughly  disinfected  with  a  3  per  cent  solution  of  cresol 
compound.  If  the  disease  occurs  in  birds  being  shipped  to  market,  all 
shipping  equipment,  including  coops,  crates,  and  live-poultry  cars, 
should  be  cleaned  and  thoroughly  disinfected.  It  is  recommended  to 
quarantine  the  poultry  plant  where  the  disease  occurs  to  avoid  spreading 
it  to  other  plants. 

Fowl  Pox. — Pox  nodules  on  the  heads  of  chickens  and  yellowish 
cheesy  patches  in  the  mouth  and  eyes  are  caused  by  a  virus.  Fowl  pox 
is  highly  infectious.  The  usual  symptoms  include  pox  nodules  on  the 
comb,  face,  ear  lobes,  and  wattles  and,  in  severe  cases,  cheesy  patches 
in  the  mouth  and  throat.  Frequently  the  eyes  become  closed,  and  there 
is  difficulty  in  breathing.  Birds  affected  become  dull  and  weak  and  lose 
flesh.  The  duration  of  the  disease  may  vary  from  3  to  15  days  up  to 
several  weeks,  depending  upon  the  natural  resistance  of  the  birds  and  the 
conditions  under  which  they  are  kept,  dampness  and  drafts  favoring  its 
spread. 

Affected  birds  should  be  removed  from  the  flock  and  placed  in  a  com¬ 
fortable  room  unless  the  disease  is  in  an  advance  stage,  in  which  case  the 
birds  should  be  killed  and  burned.  Whenever  the  disease  makes  its 
appearance  in  the  flock,  the  houses,  drinking  vessels,  and  feed  hoppers 
should  be  disinfected  thoroughly.  Since  drinking  water  is  a  fertile  source 
of  the  spread  of  chicken  pox,  every  precaution  should  be  taken  to  disinfect 
water  pans. 

If  treatment  of  affected  birds  is  decided  upon,  the  following  sugges¬ 
tions  should  be  taken:  Rub  the  chicken-pox  nodules  with  a  solution  of 
2  drams  of  common  salt  dissolved  in  1  qt.  of  warm  water;  remove  the 
nodules;  and  apply  tincture  of  iodine  or  a  5  per  cent  solution  of  carbolic 
acid  to  the  diseased  surface.  Wash  the  eyes  and  inject  the  nostrils  with 
a  solution  of  2  drams  of  permanganate  of  potash  in  1  pt.  of  water  or  a 
solution  made  up  to  oz.  of  boric  acid  and  1  oz.  of  powdered  borax 
(borate  of  soda)  dissolved  in  1  qt.  of  water,  applied  warm. 

Vaccination  Successful. — Since  fowl  pox  sometimes  results  in  high 
mortality  but  more  frequently  causes  a  great  decrease  in  egg  production, 
usually  in  the  fall  or  winter  months  of  the  year  when  egg  prices  are  rela¬ 
tively  high,  it  is  most  important  for  poultry  raisers  to  recognize  that  there 
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is  a  very  practical  and  efficient  way  of  avoiding  an  outbreak  of  the  disease 
in  the  laying  flock.  It  should  be  observed,  however,  that  where  no 
trouble  from  fowl  pox  has  been  experienced  there  is  rarely  any  occasion 
for  vaccinating. 

Three  principal  types  of  vaccines  are  being  used  to  induce  immunity 
against  the  disease:  fowl-pox  vaccine,  pigeon-pox  vaccine,  and  anti- 
diphtherin.  Pox  vaccine  is  prepared  by  making  a  1  per  cent  suspension 
of  the  powdered  virus  in  sterile  distilled  water  and  adding  10  per  cent  of 

glycerin.  This  vaccine  is  usually 
preferred,  although  pigeon-box 
vaccine  produces  a  milder  reaction, 
which  usually  does  not  last  so  long. 
The  “stick”  method  and  the 
“feather-follicle”  method  are  the 
two  methods  used  in  vaccinating. 
In  the  stick  method  the  skin  of  the 
leg  or  undersurface  of  the  wing  is 
pricked  with  the  point  of  a  sharp 
knife  which  has  been  dipped  in  the 
vaccine  suspension,  the  blade  being 
allowed  to  penetrate  to  a  depth  of 
Y  in.  only.  The  feather-follicle 
method  consists  of  first  plucking 
about  seven  feathers  from  an  area 
on  the  leg  and  then  applying  the 
vaccine  suspension  with  a  stiff  brush 
or  swab.  A  “take”  indicates 
successful  vaccination:  in  the  stick 
method  a  scab  forming  over  a  local 
swelling,  and  in  the  feather-follicle 
method  a  small  scab  appearing 
over  each  swollen  and  inflamed 
feather  follicle. 

Probably  the  best  time  to  vaccinate  is  about  2  months  before  the 
pullets  are  to  be  put  in  the  laying  houses.  Pigeon-pox  vaccine  is  less 
liable  to  cause  a  setback  than  fowl-pox  vaccine,  but  at  least  15  feathers 
should  be  plucked  to  insure  successful  vaccination. 

Laryngotracheitis. — This  disease  is  due  to  a  filterable  virus  which 
causes  a  considerable  degree  of  respiratory  distress  and  in  many  cases  is 
highly  fatal.  It  has  often  been  called  “infectious  bronchitis,”  but  accord¬ 
ing  to  the  New  Jersey  Experiment  Station  infectious  bronchitis  is  a 
different  disease  in  that  it  causes  heavier  mortality  in  chicks  and  the  symp¬ 
toms  exhibited  are  different  from  those  exhibited  by  laryngotracheitis. 


Fig.  157. — Vaccination  on  leg,  18  days 
after  vaccine  had  been  applied  by  piercing 
the  skin  in  two  places  with  a  very  sharp 
pointed  dissecting  needle,  which  had  been 
dipped  in  vaccine.  ( Western  Wash.  Exp. 
Sta.) 
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During  recent  years  very  heavy  mortality  in  thousands  of  flocks  has 
resulted  from  laryngotracheitis  infection.  Chickens  are  highly  suscepti¬ 
ble,  the  severity  of  attack  and  the  mortality  being  greater  in  adult  than 
in  young  stock.  The  external  symptoms  are  first  “watery  eyes,”  fol¬ 
lowed  by  sneezing  and  coughing.  As  the  disease  progresses,  the  bird 
begins  to  sit  with  its  eyes  closed,  breathing  becomes  heavier  and  wheezy 
as  the  result  of  an  exudate  which  accumulates  in  the  larynx  and  trachea, 
and  bloody  mucus  or  clotted  blood  may  be  expelled.  The  disease  usually 
runs  its  course  in  7  to  15  days,  many  birds  succumbing,  and  others  recover¬ 
ing  to  act  as  carriers  of  the  virus. 

Upon  examination  internally,  the  throat  and  larynx  are  usually  found 
to  be  swollen  and  inflamed,  bloody  exudate  adhering  to  the  walls  of  the 
trachea,  and  hemorrhages  appearing  in  the  lining  of  the  larynx  and 
trachea. 

Apparently  no  satisfactory  method  of  treatment  has  been  devised, 
although  in  some  cases  it  has  been  found  that  raising  the  temperature 
and  humidity  of  the  air  in  the  house  gave  some  relief  from  distress.  In 
case  the  disease  appears  in  a  flock  all  birds  should  be  killed  and  burned 
immediately.  Incubators,  appliances,  utensils,  houses,  and  premises 
should  be  thoroughly  cleaned  and  disinfected.  The  houses  should  be 
left  vacant  for  at  least  2  months.  New  stock  should  be  secured  from 
sources  where  there  has  been  no  infection. 

Vaccination  against  laryngotracheitis  has  been  tried  at  several  institu¬ 
tions  until  finally  the  New  Jersey  and  California  experiment  stations 
developed  the  cloacal  and  bursal  methods  of  vaccinating.  The  cloacal 
method  consists  of  direct  swabbing  of  the  vaccine  on  the  lining  of  the  cloaca 
and  the  bursa  Fabricii,  a  blind  sac  connected  with  an  opening  into  the 
wall  of  the  cloaca.  The  vaccine  used  was  made  of  the  dried  tracheal 
exudate  obtained  from  infected  birds,  suspended  in  50  per  cent  glycerin. 
The  intrabursal  method  consists  of  injecting  virus  into  the  cavity  of  the 
bursa  Fabricii  with  a  16  to  20  gage  blunt-pointed,  slightly  curved  hypo¬ 
dermic  needle.  The  vaccine  used  was  obtained  by  using  a  1 : 500  dilution 
of  dessicated  virus  which  produced  infection  when  0.1  cc.  of  1:5,000  or 
1:10,000  dilution  was  injected.  The  best  age  for  vaccination  appears 
to  be  between  2  and  4  months. 

A  successful  vaccination  is  indicated  by  a  take,  which  means  that  the 
mucous  lining  of  the  cloaca  and  bursa  Fabricii  become  inflamed  in  about 
5  to  7  days.  If  no  inflamation  has  developed  at  the  end  of  5  days  the 
bird  should  be  revaccinated,  for  the  simple  reason  that  practically  100  per 
cent  takes  is  necessary,  or  there  may  be  loss  from  mortality  among  birds 
that  did  not  take  but  later  become  infected  by  the  birds  that  were  suc¬ 
cessfully  vaccinated.  Vaccination  should  be  performed  only  by  properly 
qualified  persons. 
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FUNGUS  DISEASES 

There  are  three  fungus  diseases  affecting  chickens,  each  caused  by  a 
different  fungus. 

Aspergillosis,  or  Brooder  Pneumonia. — Heavy  losses  in  chicks  some¬ 
times  result  from  aspergillosis,  or  brooder  pneumonia,  a  fungus  disease 
of  the  lungs  and  air  sacs.  The  causative  agent  is  Aspergillus  fumigatus, 
the  growth  of  which  is  favored  by  warmth  and  moisture. 

The  fungus  can  pass  through  eggshells,  and  it  is  believed  that  some 
outbreaks  in  brooder  chicks  may  be  due  to  infected  eggs  that  have  been 
in  contact  with  moldy  material.  More  frequently  the  disease  is  due  to 
chicks  or  older  birds’  scratching  in  moldy  hay  or  straw. 

In  advanced  cases  of  the  disease  the  birds  become  listless,  breathing 
becomes  difficult,  fever  develops,  the  wings  droop,  and  there  is  diarrhea. 
In  young  chicks  death  usually  occurs  within  a  few  days,  although  older 
birds  may  live  for  a  few  weeks  after  the  appearance  of  symptoms. 

On  post-mortem  appearance,  the  walls  of  the  windpipe,  the  air  pass¬ 
ages  in  the  lungs,  and  the  air  sacs  in  the  abdominal  cavity  show  whitish 
or  yellowish  nodules. 

In  order  to  prevent  an  outbreak  of  the  disease,  sanitation  is  necessary: 
Provide  clean  litter,  and  keep  the  houses  and  yards  clean  at  all  times.  If 
the  disease  appears,  clean  and  thoroughly  disinfect  the  house  and 
premises. 

Favus. — This  is  a  contagious  disease  commonly  known  as  “  white 
comb”  because  of  the  formation  of  grayish  white  spots  on  the  comb,  ear 
lobes,  and  wattles.  The  causative  agent  is  a  fungus  called  Lophophyton 
gallinae. 

Since  favus  can  be  transmitted  to  man,  care  should  be  taken  to  avoid 
getting  the  fungus  into  cuts  and  wounds  of  the  hands  and  face.  The 
Wisconsin  Experiment  Station  demonstrated  that  favus  in  chickens  could 
be  cured  easily  by  one  application  of  formaldehyde  and  vaseline.  The 
desired  quantity  of  vaseline  is  melted  in  a  tightly  sealed  jar  in  hot  water. 
Then  5  per  cent  by  weight  of  commercial  formaldehyde  is  added  to  the 
melted  vaseline,  and  the  jar  tightly  sealed  and  shaken  until  the  vaseline 
hardens. 

Thrush. — This  disease  of  young  chicks  is  caused  by  the  yeastlike 
fungus  Monilia  albivans,  the  characteristic  symptoms  including  whitish 
ulcers  in  the  crop,  brownish  deposits  in  the  proventrieulus,  and  ulcers  in 
the  gizzard.  No  satisfactory  treatment  is  known. 

DISEASES  OF  UNKNOWN  ORIGIN 

There  are  certain  diseases  not  already  discussed  that  have  been  a 
serious  menace  to  the  poultry  industry  for  years  but  for  which  no  specific 
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causative  organism  has  been  identified.  There  are  certain  other  newer 
diseases  of  relatively  less  importance  the  causative  agent  of  which  has  not 
yet  been  determined. 

Coryza. — The  terms  “colds,”  “coryza,”  “catarrh,”  and  “roup”  have 
all  been  used  more  or  less  interchangeably  by  poultrymen  in  referring  to 
any  inflammation  of  the  mucous  membranes  of  the  upper  respiratory 
tract.  Coryza,  however,  is  the  proper  designation  for  an  infectious  cold, 
this  infection  having  been  found  in  association  with  the  bacterial  organism 
Hemophilus  g allinarum. 

The  mildest  form  of  the  disease  occurs  as  a  simple  coryza  with  a  nasal 
discharge  which  may  be  of  relatively  short  duration  or  may  persist  for 
some  time.  In  the  more  severe 
types  of  the  disease,  the  coryza  is 
complicated  by  other  manifesta¬ 
tions,  including  swelling  of  the  face; 
inflammation  of  the  sinuses,  trachea, 
and  bronchial  tubes;  infection  of 
the  air  sacs;  gasping;  and  coughing. 

The  discharge  from  the  nostrils 
may  develop  into  cheesy  matter. 

The  duration  of  the  disease  natu¬ 
rally  depends  upon  its  severity  and 
the  extent  of  the  complications. 

Chirks  nnrl  flrlnlts  arp  snsrrntiblp  FlG*  158‘— 1 Showing  method  of  relieving 

LmiCKS  ana  aaults  are  SUSCeptlDie.  st0ppage  of  the  tear  duct,  commonly 

In  addition  to  the  loss  from  mor-  called  “cold”  in  the  eye.  ( Beach  and 
tality,  there  is  also  slowing  up  of  Freeborn’  19-7-) 

growth,  wasting  away  of  flesh,  and  decreased  egg  production  in  the  case 
of  laying  stock. 

Damp,  dirty,  and  drafty  houses  seem  to  be  conducive  to  the  spread  of 
the  disease.  In  case  of  an  outbreak,  the  poultry  house  should  be  cleaned 
and  disinfected  thoroughly.  The  feeding  utensils  and  drinking  vessels 
should  be  cleaned  and  scalded  daily  with  water  containing  3  per  cent  of 
liquor  cresolis  compositus  or  other  effective  antiseptic. 

If  treatment  is  resorted  to,  either  of  the  following  methods  may  be 
tried:  (1)  a  hypodermic  injection  of  1  to  2  cc.  of  fresh  15  per  cent  argyrol 
directly  into  the  cavity  of  the  sinus,  care  being  necessary  not  to  injure  the 
eye  or  inject  the  tissues;  (2)  alternate  use  of  a  4  per  cent  solution  of  boric 
acid  and  a  mixture  composed  of  5  grains  of  carbolic  acid,  10  grains  of 
menthol,  and  1  oz.  of  liquid  petrolatum,  injected  into  the  nasal  passage 
two  or  three  times  daily. 

Cloacitis. — As  the  name  suggests,  in  this  disease  there  is  an  inflamma¬ 
tion  of  the  cloaca  and  vent.  By  poultrymen  the  disease  has  often  been 
called  “vent  gleet”  and  is  noted  for  its  very  offensive  odor.  The  causa- 
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tive  agent  has  apparently  not  been  identified,  but  the  following  treatment 
has  been  found  to  give  satisfactory  results  in  the  majority  of  cases:  Wash 
the  vent  and  cloaca  three  or  four  times  with  a  3  per  cent  solution  of 
chromic  acid. 

Salpingitis. — In  this  disease  there  is  inflammation  of  the  oviduct, 
with  a  resultant  discharge  which  irritates  the  vent  and  smears  the  feathers 
below  it.  The  causative  organism  has  not  been  isolated.  Affected  birds 
should  be  isolated  and  treated  as  follows:  Using  a  blunt-nosed,  hard-rubber 
syringe,  wash  the  cloaca  and  lower  part  of  the  oviduct  with  warm  salt 
water  in  the  proportions  of  2  teaspoonfulls  of  salt  to  1  qt.  of  warm  water. 

Tumors. — Tumors  and  tumorlike  growths  have  long  since  been  of 
considerable  economic  importance  because  of  their  effect  on  mortality 
and  egg  production.  They  are  far  more  common  in  adult  than  in  young 
stock  and  more  common  in  birds  over  2  years  old  than  in  yearlings.  They 
are  constituted  of  masses  of  new  tissue,  the  growth  of  which  is  apparently 
not  controlled  by  the  regulatory  system  that  controls  the  growth  of  other 
body  tissues.  As  the  result,  tumors  may  be  of  considerable  size. 

The  ovary  seems  to  be  a  favorite  seat  of  infection,  and  indications  are 
that  mortality  from  ovarian  tumors  has  been  on  the  increase  during  recent 
years.  Tumors  may  grow  in  almost  any  part  of  the  body,  there  being 
tumors  of  the  bone,  muscle,  and  other  tissues.  They  are  classified  as 
benign  and  malignant,  benign  tumors  being  those  that  increase  in  size  by 
central  growth  and  are  not  invasive,  whereas  malignant  tumors  invade 
and  replace  the  tissue  surrounding  their  place  of  origin.  Malignant 
tumors  of  epithelial  origin  are  called  “carcinomas,”  and  those  originating 
in  connective  tissue  are  called  “sarcomas.”  The  growth  of  malignant 
tumors  may  involve  several  structures,  but  benign  tumors  do  not  spread 
from  one  organ  to  another. 

The  cause  of  tumors,  which  are  also  sometimes  referred  to  as  “neo¬ 
plasms,”  is  apparently  not  known,  and  no  satisfactory  treatments  have 
been  devised.  Poultry  breeders,  however,  in  selecting  their  breeding 
stock  would  do  well  to  discard  all  birds  belonging  to  families  any  members 
of  which  have  been  known  to  have  tumors,  and  the  parents  of  their 
families  should  likewise  be  discarded. 

Vesicular  Dermatitis. — This  comparatively  new  disease,  the  causative 
organism  of  which  has  not  been  identified,  has  been  observed  to  occur 
most  frequently  in  chickens  less  than  a  month  old  that  have  been  raised 
on  virgin  sod  in  eastern  Colorado.  Because  of  this  it  is  often  referred  to 
as  “sod  disease.” 

The  mortality  is  sometimes  very  high,  the  general  symptoms  including 
the  formation  of  blisters  between  the  toes  and  swollen  feet,  the  blisters 
being  replaced  by  scabs  which  leave  the  toes  greatly  distorted.  The 
disease  is  easily  prevented  by  raising  chickens  on  land  that  has  been 
plowed. 
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POISONS 

Mortality  or  sickness  from  poisoning  often  occurs  when  chickens  eat 
poisonous  plants,  seeds,  or  other  materials  gleaned  from  the  fields  or  are 
fed  certain  feeds  or  other  materials  that  have  toxic  properties. 

In  the  chapters  on  feeding  practice  a  list  of  poisonous  plants  and  seeds 
was  given.  Normal  diets  or  commercial  feed  mixtures  rarely  poison 
chickens. 

The  poisonous  effects  of  selenium  have  been  demonstrated  in  the 
feeding  of  grains  grown  on  certain  types  of  alkali  soils  in  South  Dakota 
and  adjacent  regions;  this  subject  has  been  discussed  in  the  chapter  on 
incubation  principles  and  practice. 

Rose  chafers  are  poisonous  to  chicks  up  to  10  weeks  of  age,  15  or  20 
chafers  being  sufficient  to  kill  a  week-old  chick. 

Occasionally  chickens  encounter  drugs  or  chemicals  that  are  poisonous, 
e.g.,  arsenic  used  for  the  poisoning  of  rats  and  grasshoppers,  kamala  in 
excessive  amounts,  lead  contained  in  paint  skins,  nicotine  sulfate  in 
excessive  amounts,  phosphorus  contained  in  rat  poisons  if  consumed  in 
considerable  quantities,  and  potassium  permanganate  if  consumed  in  any 
appreciable  quantity. 

Rarely  does  the  addition  of  antiseptics  to  the  drinking  water  serve  any 
useful  purpose  as  a  cure  in  cases  of  poisoning. 

DISINFECTANTS  AND  THEIR  USE 

A  disinfectant  is  a  substance  that  is  capable  of  killing  microorganisms 
in  the  forms  in  which  they  usually  occur  in  poultry  premises,  and  in 
order  to  qualify  as  a  complete  disinfectant  it  must  be  able  to  kill  the 
more  resistant  spore  forms  of  different  diseases  as  well. 

The  need  for  disinfecting  feeding  and  watering  utensils,  equipment, 
and  poultry  houses  is  far  more  urgent  than  most  poultrymen  appreciate. 
Most  diseases  encountered  in  hatcheries  and  on  poultry  plants  are  filth 
borne;  i.e.,  they  spread  much  more  rapidly  in  a  place  that  is  filthy  than 
in  a  place  that  is  kept  reasonably  clean. 

Sanitation  in  incubators  and  on  poultry  plants  is  the  most  effective 
way  of  combating  losses  from  mortality  because  it  keeps  the  spread  of 
disease  to  the  minimum.  A  reasonable  degree  of  sanitation  can  be  main¬ 
tained  only  through  the  judicious  use  of  efficient  disinfectants,  of  which 
there  are  on  the  market  a  number  that  can  be  secured  at  reasonable 
cost. 

The  efficiency  of  a  disinfectant  is  determined  in  large  measure  by 
the  extent  to  which  it  comes  into  direct  contact  with  the  microorganisms. 
The  accumulation  of  filth  allows  millions  of  the  microorganisms  to  be 
inaccessible  to  the  disinfectant,  and  as  a  result  little  is  accomplished.  All 
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objects  that  are  to  be  disinfected  should  be  cleaned  thoroughly  before  the 
disinfectant  is  applied.  Many  poultrymen,  however,  have  very  hazy 
notions  concerning  what  constitutes  proper  cleansing. 

The  suggestion  is  offered  here  that  when  the  average  poultryman 
cleans  his  poultry  house  as  he  ordinarily  cleans  it,  he  could  then  scrape 
the  floor  and  gather  up  several  shovelfuls  of  filth,  which  contains  millions 
of  disease  organisms.  In  fact,  if  the  average  poultryman  cleans  his  laying 
house  two  or  three  times  in  succession,  he  will  usually  still  find  some  dirt 
left  in  cracks  and  crevices  and  on  the  floor.  The  floor  should  be  washed 
thoroughly  with  water,  under  pressure  if  possible. 


Fig.  159. — The  proper  cleaning  and  disinfection  of  the  poultry  house  means  that  the 
floor,  walls,  and  ceiling  be  cleaned  most  thoroughly  and  then  disinfected  thoroughly. 
( U .  S.  Dept.  Agr.) 


The  most  effective  means  of  combating  parasites  and  diseases  is  to 
prevent  their  occurrence  in  so  far  as  possible.  Prevention  rather  than 
cure  should  be  the  watchword  of  every  poultryman.  Prevention  implies 
sanitation  through  adequate  cleansing  and  proper  disinfection. 

Bichloride  of  Mercury. — Applied  to  clean  surfaces,  bichloride  of 
mercury  is  an  effective  disinfectant  but  is  corrosive  to  metals  and  irritat¬ 
ing  to  wounds. 

Carbolic  Acid,  or  Phenol. — In  a  5  per  cent  solution,  carbolic  acid  is 
an  efficient  disinfectant  though  somewhat  more  expensive  than  some 
others. 

Chlorinated  Lime,  or  Calcium  Hyperchlorite. — A  5  per  cent  solu¬ 
tion,  or  6-oz.-per-gallon  of  water,  is  efficient  as  a  disinfectant  and  is  a 
deodorizer. 

Creolin. — A  4  or  5  per  cent  solution  is  used  for  disinfecting. 
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Cresol. — A  2  or  3  per  cent  solution,  or  1  qt.  of  creolin  thoroughly  mixed 
with  12  gal.  of  warm  soft  water,  makes  an  efficient  disinfectant,  provided 
the  cresol  used  contains  at  least  90  per  cent  of  cresylic  acid.  ’ 

Formalin,  or  Formaldehyde. — Formalin  is  a  40  per  cent  solution  of 
formaldehyde,  an  8  to  10  per  cent  solution  of  which  makes  a  strong 
disinfectant  but  is  irritating  to  the  skin  and  especially  the  eyes,  which 
should  be  protected.  Formalin  should  be  kept  in  tightly  sealed  containers. 

Liquor  Creosolis  Compositus,  or  Compound  Solution  of  Cresol.— This 
disinfectant  is  composed  of  equal  parts  of  cresol  (U.S.P.)  and  linseed-oil- 
potash  soap  and  is  used  in  a  3.5  to  4.0  per  cent  solution,  or  about  1  qt.  of 
the  mixture  per  7  gal.  of  water. 

Sodium  Hydroxide,  or  Lye. — In  a  2  per  cent  solution,  or  1  lb.  per 
6  gal.  of  water,  this  is  a  cheap  and  efficient  disinfectant,  but  care  should 
be  taken  to  avoid  getting  it  in  the  eyes  or  on  the  face.  A  good  whitewash 
is  made  with  water,  1  per  cent  of  sodium  hydroxide,  and  at  least  5  per 
cent  of  good  water-slaked  or  hydrated  lime;  but  such  a  whitewash  injures 
paint  and  varnish. 

Sodium  Hypochlorite.— A  5  per  cent  solution  makes  a  satisfactory 
disinfectant. 

Sodium  Orthophenylphenate. — A  1  per  cent  solution  is  an  efficient 
disinfectant  if  applied  at  a  temperature  of  60°F.  or  above. 

DRUGS 

Curing  sick  chickens  is  a  very  poor  substitute  for  the  prevention  of 
disease.  Moreover,  attempting  to  cure  sick  chickens  has  several  dis¬ 
advantages.  In  many  cases  the  individual  bird  is  not  worth  the  time, 
trouble,  and  cost  of  the  remedy  involved  in  the  treatment.  Then,  again, 
even  if  a  sick  bird  is  “cured”  it  may  serve  to  spread  disease  while  and 
after  being  treated.  In  the  third  place,  what  few  cures  are  effective  tend 
to  minimize  in  the  minds  of  poultrymen  the  necessity  of  maintaining 
proper  preventive  measures. 

There  are  comparatively  few  drugs  that  can  be  used  justifiably  in 
conjunction  with  daily  poultry-husbandry  practices,  although  there  are 
cases  when  the  administration  of  a  drug  may  be  justified  on  the  grounds 
of  providing  temporary  relief  or  in  treating  valuable  birds.  Some  drugs 
are  used  as  antiseptics,  which  tend  to  inhibit  or  prevent  the  growth  of 
microorganisms  without  necessarily  destroying  them.  The  use  of 
so-called  tonics  and  conditioners  should  be  condemned,  for  the  simple 
reason  that  for  the  most  part  they  are  practically  worthless. 

Argyrol. — A  5  to  20  per  cent  solution  is  sometimes  used  as  an  anti¬ 
septic  for  treating  the  eyes  and  nose  when  inflamed. 

Boric  Acid. — A  solution  of  5  parts  boric  acid  to  100  parts  water  may 
also  be  used  as  an  antiseptic  for  inflamed  eyes. 
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Carbon  Tetrachloride. — This  drug  in  gelatin  capsules  at  the  rate  of 
1  cc.  per  capsule  for  a  mature  chicken  is  sometimes  given  as  a  vermifuge 
for  roundworms. 

Derris  Root. — A  dusting  powder  containing  20  per  cent  of  powdered 
derris  root  or  a  dip  made  up  of  J4  oz.  of  the  powder  per  gallon  of  water  is 
effective  against  chicken  lice. 

Epsom  Salts,  or  Magnesium  Sulfate. — Sometimes  used  as  a  physic 
but  should  be  used  with  caution.  The  chickens  are  deprived  of  water  for 
part  of  the  morning,  and  then  for  every  100  birds  1  lb.  of  epsom  salts  is 
dissolved  in  about  2  gal.  of  water. 

Ferric  Chloride. — In  tincture  form  is  used  for  dressing  wounds. 

Iodine. — In  tincture  form  is  also  used  for  dressing  wounds. 

Iodoform. — Contains  about  96  per  cent  iodine  and  is  sometimes  used 
with  boric  acid  as  a  dusting  powder  for  wounds. 

Mercurial  Ointment. — Diluted  with  about  equal  parts  of  vaseline  is 
used  to  kill  lice,  a  small  amount  being  spread  under  the  vent  and  under 
the  wings,  although  it  should  not  be  used  on  breeding  stock. 

Naphthalene. — When  mixed  with  twice  its  weight  of  vaseline,  naph¬ 
thalene  may  be  used  as  an  ointment  spread  around  the  base  of  the  tail  to 
kill  the  northern  fowl  mite. 

Nicotine  Sulfate. — This  is  an  extremely  poisonous  drug  available  on 
the  market  as  a  solution  containing  40  per  cent  of  nicotine.  It  is  very 
effective  against  lice  and  is  applied  to  the  upper  surfaces  of  roosts  just 
before  the  chickens  go  to  roost,  about  8  oz.  being  used  to  paint  every 
100  ft.  of  roosts.  A  second  application  in  about  9  days  is  necessary  to 
kill  the  lice  that  hatch  after  the  first  application. 

Sodium  Fluoride. — Used  as  a  dusting  powder  against  lice  or  as  a  dip, 
in  the  proportion  of  1  oz.  per  gallon  of  warm  water.  It  is  poisonous  and 
an  irritant  to  the  eyes. 

Tetrachlorethylene. — Has  properties  similar  to  carbon  tetrachloride. 

Tobacco. — Tobacco  dust  is  somewhat  effective  against  roundworms 
and  is  used  in  the  mash  mixture.  The  method  of  feeding  it  is  discussed 
in  the  section  dealing  with  the  control  of  large  intestinal  roundworms. 

THE  PROBLEM  OF  DISEASE  PREVENTION 

The  problem  of  disease  prevention  is  a  challenge  to  every  poultryman 
in  the  country.  There  is  probably  a  large  element  of  truth  in  the  sugges¬ 
tion  that  those  poultrymen  who  engage  in  sound  practices  of  flock  and 
hatchery  management  need  have  little  concern  over  excessive  losses  from 
mortality.  Paradoxical  as  it  may  seem,  the  greatest  mortality  often 
occurs  in  those  flocks  where  the  owners  accept  disease  as  a  matter  of 
course  and  temporize  with  disease  by  trying  to  cure  sick  chickens. 
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The  previous  sections  of  this  chapter  have  dealt  with  the  nature  of 
the  various  diseases  affecting  chickens,  their  causes  and  “cures”  in  so 
far  as  they  have  been  determined,  and  specific  suggestions  concerning  the 
most  logical  methods  of  preventing  disease  from  making  its  appearance. 
Rigid  sanitation  through  frequent  cleaning  and  proper  disinfection  is  the 
first  requisite  in  the  prevention  of  disease.  Maintaining  sanitary  quar¬ 
ters  involves  far  more  than  the  average  poultryman  realizes.  The  lack 
of  sanitation  is  not  the  only  factor,  however,  that  contributes  to  the 
excessive  mortality  that  occurs  every  year.  Perhaps  more  poultrymen 
would  become  more  “disease-prevention”  minded  by  reviewing  the 
factors  responsible  for  the  industry’s  present  sad  plight.  Some  of  these 
factors  are  listed  below. 

1.  In  thousands  of  cases  growing  chicks  and  laying  hens  are  kept  on 
the  same  land  year  after  year,  the  soil  all  the  time  becoming  more  thor- 
oughly  contaminated  with  the  “eggs”  of  numerous  parasites  and  the 
organisms  of  various  diseases. 

2.  Thousands  upon  thousands  of  brooder  and  laying  houses  are  never 
properly  cleaned  or  thoroughly  disinfected. 

3.  In  all  too  many  cases  unhealthy  conditions,  including  overcrowd¬ 
ing,  that  tend  to  lower  the  vitality  of  stock,  prevail  in  brooder  and  laying 
houses  because  of  poor  housing  conditions  or  because  of  mismanagement 
or  both. 

4.  On  far  too  many  farms  the  old  stock  is  allowed  to  mix  with  the 
growing  chicks. 

5.  On  many  farms  turkeys  are  allowed  to  mix  with  the  chickens. 

6.  Immature  and  undersized  birds  are  used  all  too  numerously  for 
breeding  purposes. 

7.  The  use  of  diseased  birds  as  breeders  tends  to  disseminate  disease, 
and  inasmuch  as  more  birds  become  infected  each  year  the  dissemination 
of  disease  increases  each  succeeding  year. 

8.  Commercial  incubation  is  frequently  a  means  of  spreading  disease. 

9.  The  dissemination  of  disease  is  augmented  by  the  widespread 
distribution  of  baby  chicks,  market  poultry,  and  breeding  stock. 

10.  In  many  cases  when  breeding  stock  is  purchased  it  is  not  ade¬ 
quately  quarantined  before  being  introduced  into  the  flock. 

11.  Oftentimes  birds  shipped  from  egg-laying  contests  and  poultry 
shows  harbor  disease  organisms  of  various  kinds. 

12.  Visitors  may  carry  disease  organisms  from  farm  to  farm,  and  the 
flock  owner  himself  may  carry  them  from  pen  to  pen. 

Finally,  it  is  to  be  observed  that  with  the  ever  increasing  spread  of 
disease,  the  soil,  the  water,  and  even  the  air  become  more  thoroughly 
contaminated  so  that  more  birds  become  infested  with  parasites  and 
infected  with  disease  to  cause  still  more  widespread  dissemination  of 
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parasites  and  diseases  of  various  kinds.  With  such  a  vicious  circle,  there 
is  little  wonder  that  mortality  is  so  high. 

With  a  view  toward  breaking  the  circle  in  order  to  lower  mortality, 
many  poultrymen  make  a  practice  of  drugging  their  chickens  and  provid¬ 
ing  them  with  antiseptics  in  the  drinking  water  or  condiments  in  the 
feed.  To  administer  drugs  is  rarely  justified.  Treating  drinking  water 
with  a  satisfactory  antiseptic  may  tend  to  prevent  disease  from  spreading 
from  one  fowl  to  another,  but  it  is  highly  probable  that  very  few  drug 
preparations  have  any  therapeutic  value  whatsoever,  for  the  simple 
reason  that  when  the  preparation  comes  in  contact  with  the  food  in  the 
crop  the  properties  of  the  preparation  are  rendered  inert.  Many  tonics 
and  conditioners  on  the  market  are  quite  worthless.  Furthermore,  there 
is  still  entirely  too  much  misbranding  of  poultry  remedies. 

Where  disease  breaks  out,  rather  than  conducting  a  post-mortem  exam¬ 
ination  himself,  the  flock  owner  should  consult  a  properly  qualified  veteri¬ 
narian  or  public  official.  If  the  situation  is  serious,  a  few  live  specimens 
should  be  taken  or  shipped  to  the  veterinary  department  of  the  state 
college  of  agriculture  or  to  the  state  livestock  sanitary  service,  and 
the  advice  of  properly  qualified  officials  should  be  sought  in  handling  the 
flock. 

The  12  factors  enumerated  above  perhaps  present  the  u problem”  of 
disease  prevention  that  confronts  the  poultryman  of  today.  At  present 
he  is  paying  the  price  of  negligence  in  one  or  more  respects.  It  is  rarely 
the  chicken’s  fault  if  it  gets  sick.  Moreover,  parasites  and  diseases  are 
not  solely  to  be  blamed  if  they  are  permitted  to  destroy  birds  and  cause 
retarded  growth,  poor  fleshing,  and  decreased  egg  production.  Clearly 
the  major  responsibility  for  preventing  disease  from  appearing  in  the  flock 
rests  upon  the  poultryman. 

Since  parasite  eggs  and  disease  organisms  are  lurking  everywhere,  in 
the  soil,  in  puddles  of  water,  in  cracks  and  crevices,  and  on  utensils  and 
equipment,  it  is  obvious  that  chickens  must  be  hardy  and  possess  strong 
constitutions  to  withstand  the  constant  attacks  of  the  enemy.  The  five 
lines  of  natural  defense,  mentioned  in  the  fore  part  of  this  chapter,  with 
which  chickens  are  endowed  for  the  purpose  of  combating  the  invasions 
of  parasites  and  disease  organisms  must  be  fortified  by  a  good  inheritance. 
There  is  need  for  the  development  of  disease-resistant  strains  of  chickens. 
A  program  of  selection  and  breeding  based  upon  the  viability  of  the 
progeny  should  be  very  much  worth  while.  The  development  of  disease- 
resistant  strains,  if  such  be  a  possibility,  and  their  subsequent  distribution 
would  undoubtedly  require  considerable  time  so  that  something  should 
be  done  in  the  meantime  to  reduce  the  enormous  losses  from  mortality 
that  occur  annually.  The  best  hope  of  accomplishing  this  would  seem 
to  be  the  adoption  of  a  practical  program  of  disease  prevention. 
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CHAPTER  XI 


EGG-MARKETING  PROBLEMS 

The  problem  of  most  wisely  and  efficiently  disposing  of  the  enormous 
number  of  eggs  produced  each  year  is  one  of  vital  interest  to  producers 
because  egg  prices  and  profits  in  egg  production  are  involved.  The  first 
requisite  in  the  marketing  of  eggs  to  best  advantage  is  the  production  of 
eggs  of  the  highest  possible  quality.  The  second  requisite  on  the  part  of 
the  producer  is  to  take  every  possible  precaution  to  maintain  the  original 
quality  of  the  fresh-laid  egg.  Then  from  the  time  the  eggs  leave  the 
producing  plant  until  they  reach  the  consumer’s  table  they  must  be  given 
the  best  possible  care  to  maintain  in  so  far  as  possible  the  original  quality. 
Buyers  and  sellers  of  eggs,  including  wholesalers  and  retailers,  are  inter¬ 
ested  in  the  various  factors  of  processing  and  distributing  that  affect  egg 
quality,  for  the  simple  reason  that  there  is  less  wastage  in  marketing  eggs 
of  good  quality  than  in  marketing  those  of  poor  quality.  Consumers 
want  eggs  of  good  quality  or,  in  many  cases,  none  at  all. 

The  annual  egg  crop  is  disposed  of  in  two  principal  ways:  (1)  market 
eggs  for  human  consumption  and  (2)  hatching  eggs  for  the  reproduction 
of  the  flocks.  Eggs  inedible  as  human  food  are  used  in  the  preparation 
of  certain  animal  feeds;  for  certain  industrial  purposes,  such  as  the  tan¬ 
ning  of  leather,  the  manufacture  of  textile  dyes,  printing  inks,  and  photo¬ 
graphic  films;  and  in  the  making  of  fertilizer.  In  addition,  all  too  high  a 
proportion  of  each  year’s  egg  crop  is  lost  through  breakage  and  from  other 
causes. 

QUALITY  IN  MARKET  EGGS 

The  term  “quality”  when  applied  to  market  eggs  means  that  condi¬ 
tion  of  shell  and  contents  of  eggs  which  can  be  marketed  in  such  a  manner 
as  to  give  the  greatest  satisfaction  to  the  consumer.  There  are  many 
factors  that  affect  the  condition  of  the  shell  and  egg  contents,  including 
the  kind  of  stock  and  the  methods  of  feeding,  storing,  and  handling,  the 
ultimate  quality  determining  to  a  considerable  degree  consumer  demand 
and  prices  paid. 

Market  eggs  reach  the  consumer  in  three  principal  forms:  (1)  in  the 
shell,  (2)  as  frozen  eggs,  and  (3)  as  dried  eggs.  Shell  eggs  reaching  the 
consumer  may  be  classed  according  to  whether  they  have  been  refrig¬ 
erated  or  have  been  sold  without  being  refrigerated.  Frozen  eggs  reach 
the  consumer  in  the  form  of  frozen  whole  eggs,  frozen  plain  yolks,  frozen 
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Fig.  160. — Uses  for  eggs  in  the  United  States,  estimates  for  1935. 
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sugared  yolks,  and  frozen  whites.  Dried  eggs  reach  the  consumer  as 
dried  whole  eggs,  dried  yolks,  and  dried  whites  or  albumen.  Regardless 
of  the  form  in  which  market  eggs  ultimately  reach  the  consumer,  the 
quality  of  the  final  product  is  determined  to  a  large  extent  by  the  original 
quality  of  the  fresh-laicl  egg  plus  the  methods  of  storing  and  handling  to 
which  it  has  been  subjected. 

The  structure  and  formation  of  the  eggs  and  the  influence  of  breeding 
and  feeding  on  egg  quality  have  been  discussed  at  some  length  in  preced¬ 
ing  chapters.  It  has  been  pointed  out  that,  in  general,  breeding  seems 
to  influence  egg  quality  to  a  greater  extent  than  feeding.  The  quality 
of  the  shell,  the  per  cent  of  thick  to  thin  white,  and  to  some  extent  the 
color  of  the  yolk  are  influenced  by  breeding.  The  kind  of  diet  has  a 
marked  influence  on  the  color  of  the  yolk  and  the  vitamin  content  of 
eggs  but  little  influence  on  most  of  the  other  properties  of  eggs.  The 
diet  may  have  a  pronounced  effect  on  the  odor  and  flavor  of  eggs. 

Quality  Shown  by  Breaking. — Dealers  in  eggs  resort  to  candling  for 
the  purpose  of  grading  eggs  according  to  quality,  but  housewives  judge 
the  quality  of  eggs  by  their  appearance  upon  being  broken  open.  Since 
ordinary  candling  methods  have  their  limitations  in  conducting  research 
on  factors  affecting  egg  quality,  the  practice  of  breaking  eggs  in  experi¬ 
mental  work  has  increased  considerably  during  recent  years.  Two  of 
the  most  widely  used  methods  of  measuring  egg  quality  include  what  are 
known  as  the  “yolk  index”  and  the  “ albumen  index.” 

When  a  normal  fresh  egg  is  broken  open  on  to  a  plate  the  yolk  stands 
up  well,  the  thick  white  closely  surrounds  the  yolk  and  also  stands  up 
well,  and  the  thin  white  spreads  out  over  a  portion  of  the  plate.  For  a 
discussion  of  the  structure  of  the  egg,  including  two  layers  of  thin  white, 
Chap.  II  should  be  consulted.  When  a  stale  egg  is  broken  open  the  yolk 
appears  quite  flattened,  the  thick  white  has  decreased  in  volume  and 
shows  a  very  flattened  appearance,  and  the  thin  white  is  so  watery  that  it 
covers  the  entire  plate.  Between  these  extremes  are  many  gradations 
of  change  in  the  condition  of  the  yolk  and  egg  white. 

The  breaking  of  eggs  gives  an  accurate  picture  of  yolk  color,  which 
is  greatly  influenced  by  the  kind  of  pigments  contained  in  the  diet,  as 
pointed  out  in  the  chapter  on  Feeding  Practice.  As  a  basis  for  comparing 
color  changes  in  yolks  as  influenced  by  diet  and  other  factors,  yolk-color 
standards  have  been  devised,  e.g.,  the  yolk-color  rotor  developed  at  the 
Washington  Experiment  Station.  Although  the  diet  may  have  a  pro¬ 
nounced  effect  on  yolk  color,  work  at  the  National  Agricultural  Research 
Center  has  shown  that  the  change  in  color  resulting  from  altering  the 
pigments  in  the  diet  is  more  highly  correlated  with  the  number  of  eggs 
produced  than  with  the  number  of  days  elapsing  following  the  alteration 
in  the  diet. 
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The  yolk  index  most  commonly  used  is  the  one  first  adopted  by 
research  workers  at  Cornell  University.  The  yolk  is  separated  from  the 
white  and  is  measured  for  its  height  and  width,  the  former  divided  by  the 
latter  giving  the  yolk  index.  Other  measures  of  yolk  quality  that  have 
been  devised  include  an  apparatus  for  measuring  the  amount  of  internal 
pressure  necessary  to  rupture  the  yolk  and  a  method  of  determining  the 
breaking  strength  of  the  vitelline  membrane  which  surrounds  the  yolk. 
Much  more  research  work  is  necessary,  however,  before  the  extent  to 
which  yolk  index  may  be  used  as  a  criterion  of  egg  quality  can  be  deter¬ 
mined  definitely,  although  it  has  been  shown  that  yolks  tend  to  become 
more  flaccid  and  the  vitelline  membrane  weaker  as  the  deterioriation  of 
eggs  progresses. 

The  albumen  index  originally  developed  is  based  upon  the  proportion 
of  thick  and  thin  whites  in  the  egg.  The  method  for  separating  thick  and 
thin  whites  was  apparently  developed  at  the  California  Experiment 
Station  and  was  later  modified  somewhat  at  other  institutions,  since  it 
involves  passing  a  portion  of  the  egg  white  through  a  sieve,  thus  possibly 
altering  its  structure  as  it  existed  in  the  egg.  Another  kind  of  albumen 
index  was  developed  at  Cornell  University  and  consisted  of  measuring 
broken-out  whites  and  comparing  them  with  a  set  of  photographic  stand¬ 
ards,  in  which  the  score  of  1  was  given  for  eggs  in  which  the  thick  white 
stood  up  firmly  around  the  yolk  and  a  score  of  5  for  eggs  in  which  no  thick 
white  was  apparent.  Still  another  albumen-index  method  was  devised 
at  the  Washington  Experiment  Station  which  involves  measuring  the 
thick  white  on  the  plateau  of  the  proximal  end  of  the  greatest  surface 
having  the  least  curvature  when  the  white  is  resting  on  a  flat  surface,  then 
measuring  the  diameter  of  the  thick  white  at  two  points  at  right  angles  to 
each  other.  The  albumen  index  is  obtained  by  dividing  the  height  by  the 
mean  diameter.  These  indexes  have  been  shown  to  be  correlated  with 
the  quality  of  the  white  of  the  egg. 

The  viscosity  index  as  a  measure  of  egg  quality  has  recently  been 
developed  at  the  Iowa  Experiment  Station  and  involves  the  use  of  a 
torsium  pendulum  so  designed  that  the  damping  effects  of  the  unbroken 
egg  can  be  determined.  This  index  was  found  to  be  significantly  cor¬ 
related  with  yolk  shadow  and  yolk  movement. 

Size  and  Shape. — The  standard  size  of  market  eggs  is  2  oz.  per  egg, 
and  in  many  respects  the  more  nearly  a  given  dozen  approaches  standard 
size  of  24  oz.  per  dozen  the  higher  the  price  commanded,  other  things 
being  equal.  Eggs  averaging  larger  than  24  oz.  per  dozen  may  command 
more  than  eggs  weighing  24  oz.  per  dozen,  but  extra-large  eggs  are  dis¬ 
criminated  against  because  of  danger  from  breakage.  Each  dozen  or 
case  of  eggs  should  be  reasonably  uniform  in  size  in  order  to  command  the 
best  price. 
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The  factor  of  uniformity  of  egg  shape  is  of  some  importance,  and 
extremely  long  eggs  are  discounted  because  of  danger  from  breakage. 


Fig.  161. — The  breaking  of  eggs  provides  for  more  accurate  judging  of  interior  quality 
than  candling.  The  eggs  shown  here  exhibit  gradations  in  quality  from  A,  where  the 
yolk  and  white  stand  up  well,  to  E,  where  the  yolk  is  flaccid  and  the  white  watery.  ( Hex- 
man  and  Wilhelm ,  1937.) 

Shell  Color  and  Texture. — In  most  markets  there  is  neither  a  prefer¬ 
ence  for  brown  nor  a  preference  for  white  eggs,  but  in  all  markets  it  is 
important  that  a  dozen  or  a  case  of  eggs  be  uniform  in  color.  In  the 
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case  of  white  eggs  it  is  especially  important  that  the  eggs  be  free  of  tints. 
New  York  City  enjoys  the  reputation  of  being  a  white-egg  market, 
although  in  the  last  few  years  brown  eggs  have  been  known  to  top  the 
market  at  different  times.  Boston  has  always  had  the  reputation  of 
being  a  brown-egg  market. 

The  shell  of  a  market  egg  should  be  smooth  and  even  in  texture,  and 
this  is  primarily  a  matter  of  selection  and  breeding.  Shells  should  be 
spotlessly  clean,  and  each  lot  of  eggs  should  be  as  uniform  as  possible  in 
color  and  texture. 

Determination  of  Internal  Condition  by  Candling. — The  only  prac¬ 
ticable  method  of  determining  the  condition  of  the  interior  of  an  egg  is  by 
passing  a  light  through  the  egg.  Candling  devices  include  electric,  gas, 
oil,  or  gasoline  lights,  by  far  the  most  commonly  used  being  electric 
lights.  Candling  for  the  most  part  is  done  in  dark  rooms,  which  should 
be  kept  thoroughly  clean  and  well  ventilated. 

The  contents  of  an  egg  are  observed  by  placing  the  egg  between  the 
light  and  the  eye  of  the  observer  with  the  egg  about  1  ft.  below  and  about 
1  ft.  in  front  of  the  eye.  The  large  end  of  the  egg  is  held  up,  and  the 
egg  is  given  a  quick  twirl  in  order  to  cause  the  yolk  and  the  white  to 
rotate.  The  rotation  enables  the  candler  to  observe  the  internal  condi¬ 
tion  of  the  egg  fairly  well.  A  skillful  candler  in  an  hour  is  able  under 
satisfactory  conditions  to  candle  from  24-2  to  3  cases,  each  containing 
30  doz.  eggs. 

During  recent  years  attempts  have  been  made  to  construct  automatic 
candling  devices,  but  for  the  most  part  they  have  not  proved  successful 
in  the  complete  grading  of  eggs  but  are  of  service  in  certain  phases  of 
candling  and  grading.  The  “  electric-eye  ”  candler  is  constructed  upon 
the  principle  of  determining  by  means  of  a  selective  adjustment  of  electric 
light  the  degree  to  which  an  egg  intercepts  or  refracts  light  rays.  A  con¬ 
siderable  amount  of  experimental  work  has  been  carried  on  in  recent 
years  with  a  view  toward  improving  candling  devices  for  candling  eggs 
by  hand.  It  is  anticipated  that  improvements  made  will  permit  of  more 
accurate  determination  of  the  internal  condition  of  eggs. 

The  holding  of  egg  shows  and  egg-grading  schools  for  the  purpose  of 
stimulating  interest  among  producers,  egg  candlers,  and  dealers  in  prob¬ 
lems  of  egg  quality  has  accomplished  a  great  deal  of  good.  Students, 
particularly,  are  benefited  considerably  by  the  training  they  receive  in 
candling  and  grading  eggs.  At  many  of  the  egg  shows  competition  is 
very  keen,  with  the  result  that  producers  are  encouraged  to  take  much 
more  interest  in  factors  that  affect  the  quality  of  eggs.  Candling  demon¬ 
strations  given  in  local  communities  have  proved  to  be  of  great  value. 
The  use  of  a  score  card  in  judging  and  grading  eggs  is  extremely  worth 
while,  because  by  this  means  producers,  candlers,  and  dealers  may  learn  a 
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great  deal  concerning  the  relative  importance  of  different  factors  that 
affect  egg  quality. 


Market-egg  Score  Card 
For  One  Dozen 


Exterior  quality: 

Size  (total  weight) .  12 

Uniformity  of  weight .  12 

Uniformity  of  color .  12 

Uniformity  of  shape .  10 

Shell  texture .  12 

Condition .  6 

Interior  quality .  36 

Total .  100 


Size  (total  weight  of  exhibit). — A  perfect  score  is  given  to  the  dozen  weighing 
between  24  and  27  oz.  If  the  average  weight  is  within  1  oz.  either  above  27  or  below 
24  oz.,  cut  6  points.  If  more  than  1  oz.  either  above  or  below,  cut  12  points. 

Uniformity  of  Weight. — The  individual  weight  of  each  egg  shall  be  determined  in 
ounces  per  dozen.  The  weight  per  egg  of  the  largest  number  of  eggs  in  the  entry 
having  the  same  weight  shall  be  taken  as  a  standard.  All  eggs  varying  from  34  to 
1  oz.  of  this  standard  shall  be  cut  34  point.  Eggs  varying  1  oz.  or  more  from  this 
standard  shall  be  cut  1  point.  No  cut  is  made  for  the  first  34_oz-  variation  from  the 
standard. 

Uniformity  of  Color. — If  white,  all  eggs  should  be  chalk  white  and  free  from  creamy 
or  tinted  coloring.  If  brown,  all  eggs  should  be  uniformly  the  same  shade.  A  cut 
of  14  point  per  egg  may  be  made  according  to  the  actual  shade  of  each  egg  and  how 
well  it  conforms  to  uniformity  of  shade  with  the  other  eggs  in  the  dozen. 

Uniformity  of  Shape. — Each  egg  to  conform  as  nearly  as  possible  in  shape  to  the 
other  eggs  in  the  dozen.  Extremes  should  be  avoided.  Cut  34  point  for  each  egg  off 
in  shape  or  ridged. 

Shell  Texture. — The  shell  should  be  strong  and  of  uniform  thickness.  Cut  34 
point  per  egg  for  rough  shell.  Cut  34  point  for  blind  check,  1  point  for  leaker  or 
smashed  egg. 

Condition. — The  eggs  should  be  clean.  Cut  34  point  for  each  dirty  or  stained  egg. 

Interior  Quality. — Perfect  score,  per  egg,  3;  cuts  per  egg:  A,  or  Extra,  B,  or 

Standard,  134;  C,  or  Trade,  234-  Blood  spot  or  meat  spot,  cut  34  point.  Note: 
Extra,  Standard,  and  Trade  grades  of  eggs  are  described  in  a  later  section  of  this 
chapter. 

Fig.  162. — Score  card  for  judging  eggs. 


Normal  Egg  under  Candle. — The  candling  of  a  normal,  fresh  white  egg 
gives  a  typical  picture  and  is  used  here  to  illustrate  the  appearance  of  the 
average  good  eggs  under  the  candle.  Upon  careful  examination  two 
characteristics  are  immediately  noticeable:  the  outlines  of  the  small  air 
space  at  the  large  end  of  the  egg  and  the  diffused  shadow  of  the  yolk 
near  the  center  of  the  egg. 

The  outstanding  difference  between  thick  and  thin  white  is  that  the 
thin  contains  practically  no  mucin,  whereas  the  thick  is  rich  in  this  protein 
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substance,  first  demonstrated  at  the  National  Agricultural  Research 
Center.  The  California  Experiment  Station  has  shown  that  there  is  no 
difference  in  the  per  cent  of  solids  in  the  thick  and  thin  portions  of  egg 
white.  The  same  institution  has  also  shown  that  the  transmission  of 
light  through  the  egg  varies  with  the  percentage  of  mucin  contained  in  the 
thick  white.  • 

If  the  structure  of  the  shell  is  abnormal,  it  is  very  noticeable,  of  course, 
particularly  if  it  exhibits  spiral  lines  due  to  slight  variations  in  the  density 
and  pigmentation  of  the  shell,  or  light  and  dark  spots  due  to  moisture 
changes  or  to  an  uneven  deposition  of  calcium  and  pigment  in  the  shell. 

The  yolk  of  a  normal  fresh  egg  under  the  candle  appears  as  a  very 
dim  shadow  which  whirls  with  the  white  of  the  egg  as  it  is  twirled  in  the 
hand.  The  yolk  shadow  gives  the  yolk  the  appearance  of  being  suspended 
in  the  center  of  the  albumen,  and  as  the  shadow  whirls  there  is  a  gradual 
shading  of  the  yolk  color  into  the  normal  tone  of  the  albumen.  Accom¬ 
panying  the  whirling  yolk  shadow  is  usually  seen  an  indistinct  dark  spot 
followed  by  a  light  spot,  the  dark  spot  being  produced  by  the  rotation 
of  the  outer  end  of  one  of  the  chalazas,  and  the  light  spot  resulting  from 
the  reflection  of  light  from  the  inside  of  the  shell  shining  through  the 
chalazas. 

Variations  Detected  by  Candling. — Not  only  do  fresh-laid  eggs  vary 
a  great  deal  as  far  as  their  appearance  under  the  candle  is  concerned,  but 
eggs  that  have  been  held  for  some  time  and  eggs  that  have  been  handled 
in  different  ways  show  many  variations  in  shell  and  interior  quality. 
The  object  in  candling  is  to  be  able  to  detect  the  extent  of  these  variations 
and  thus  grade  eggs  according  to  quality.  Success  in  candling  usually 
depends  upon  years  of  experience,  the  ability  to  determine  the  nature  of 
variations  in  the  internal  condition  of  eggs,  and  knowledge  of  the  physical 
properties  of  the  egg  contents  that  give  rise  to  the  variations  observed 
under  candling. 

Air-cell  Size. — In  a  normal  fresh  egg  the  air  cell  is  about  in •  in 
depth,  but  the  longer  an  egg  is  held  the  larger  the  air  cell  becomes,  depend¬ 
ing  upon  the  conditions  under  which  the  egg  is  held.  For  instance,  a 
fresh  egg  held  in  a  hot,  dry  room  for  one  day  may  have  a  larger  air  cell 
than  another  egg  held  for  weeks  under  proper  storage  conditions.  The 
hotter  and  drier  the  atmosphere  in  which  eggs  are  held  the  greater  the 
evaporation  of  water  from  the  egg  and  the  larger  the  air  cell. 

Tremulous  Air  Cells. — Eggs  that  are  handled  very  roughly  or  jarred 
severely  may  have  the  inner  and  outer  shell  membranes  split  apart  beyond 
the  edges  of  the  normal  air  cell,  giving  rise  to  a  condition  known  as 
“  tremulous  air  cells. ”  When  eggs  containing  tremulous  air  cells  are 
candled,  the  cells  appear  to  move  slightly  as  the  eggs  are  twirled.  The 
tremulous-air-cell  condition  apparently  has  no  bearing  on  the  quality 
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of  the  egg  as  human  food  but  does  affect  hatchability,  as  shown  by  the 
results  of  tests  conducted  by  the  National  Agricultural  Research  Center. 

Y olk-shadow  Changes. — It  would  naturally  be  expected  that  the  darker 
the  yolk  in  color  the  deeper  would  be  the  yolk  shadow  when  the  egg  is 
twirled.  Recent  experiments  have  demonstrated,  however,  that  the 
density  of  the  yolk  shadow  is  determined  not  only  by  the  color  of  the  yolk 
but  by  the  proportions  of  thick  and  thin  white  and  by  their  condition. 
As  a  matter  of  fact,  yolk  shadow  may  be  a  better  criterion  of  egg-white 
condition  than  of  yolk  color.  At  Cornell  University  it  has  been  shown 
that  the  yolk  tends  to  become  deeper  in  color  as  the  air  cell  increases  in 
size  and  as  deterioriation  progresses.  Work  at  the  California  Experiment 
Station  proves  that  shaking  the  egg  tends  to  deepen  the  yolk  shadow. 

Blood  Rings.- — An  egg  with  a  blood  ring  appearing  on  the  yolk  is  the 
result  of  the  development  of  the  embryo  for  a  few  days,  after  which  it 
dies,  leaving  the  blood  of  the  embryo  collected  in  a  small  ring.  Producers 
should  realize  that  the  germ  of  a  fertile  egg  starts  to  develop  at  about 
68°F.  One  way  of  largely  avoiding  the  occurrence  of  eggs  with  blood 
rings  is  to  keep  the  males  away  from  the  females  except  during  the  breed¬ 
ing  season. 

Blood  Clots. — Eggs  with  blood  clots  in  them  sometimes  are  observed 
among  fresh  eggs.  The  clot  usually  appears  on  the  side  of  the  yolk  when 
the  egg  is  candled.  It  is  caused  by  a  rupture  of  a  blood  vessel  in  the 
ovary,  the  blood  collecting  on  the  side  of  the  yolk.  Eggs  with  blood 
clots  should  not  be  marketed. 

Blood  Spots. — Very  small  spots  of  blood  about  the  size  of  a  pinhead 
in  an  egg  are  called  “blood  spots.”  Eggs  with  blood  spots  have  no 
place  in  a  high  class  egg  market. 

Bloody  Eggs. — Bloody  eggs  are  those  in  which  the  blood  from  a  rup¬ 
tured  blood  vessel  in  the  ovary  or  oviduct  mixes  with  the  white  of  the 
egg,  giving  it  a  bloody  appearance.  Bloody  eggs  are  very  objectionable 
from  a  marketing  standpoint. 

Meat  Spots. — Eggs  with  “meat  spots”  are  those  in  which  blood,  from 
a  rupture  of  the  oviduct  or  during  ovulation,  becomes  included  with  the 
white  while  the  egg  passes  down  the  oviduct.  Although  eggs  with  meat 
spots  are  quite  edible  after  the  meat  spots  are  removed  when  the  eggs  are 
broken,  it  is  not  advisable  to  market  them.  When  eggs  are  candled,  meat 
spots  are  often  mistaken  for  blood  clots  or  for  one  of  the  chalazas,  but 
experience  in  candling  will  show  the  blood  clot  located  near  the  yolk, 
and  the  meat  spot  is  not  accompanied  by  the  refracted  light  spot  of  the 
chalazas. 

Heat  Spots. — A  heat  spot  appears  as  a  reddened  spot  on  the  surface 
of  the  yolk  of  a  fertile  egg  and  is  due  to  early  embryo  development  which 
is  later  arrested. 
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“Grass”  Eggs. — Grass  eggs  are  those  in  which  the  yolk  appears  brown¬ 
ish  or  dark  slate  in  color  and  the  white  has  a  greenish  cast.  The  Wash¬ 
ington  Experiment  Station  has  shown  that  diet  is  not  responsible  for  the 
production  of  grass  eggs,  in  spite  of  the  opinion  of  many  to  the  contrary. 
Some  believe  that  grass  eggs  are  produced  more  frequently  in  the  spring 
of  the  year  than  at  other  times.  It  is  possible  that  the  condition  may  be 
due  to  the  influence  of  bacteria. 

Pinkish  Whites. — The  Texas,  California,  Michigan,  and  Oklahoma 
experiment  stations  have  shown  that  a  condition  known  as  “  pinkish 
white”  may  result  from  feeding  the  laying  hens  such  feeds  as  cheese 
weed,  crude  kapok  oil,  and  crude  cottonseed  oil.  Although  this  condition 
is  sometimes  detectable  upon  candling,  it  disappears  when  the  eggs  are 
cooked,  but  the  white  is  frequently  tough  and  rubbery. 

Mottled  Yolks. — In  the  chapter  on  Feeding  Practice  it  was  shown  that 
certain  feeds  produce  a  discoloration  of  the  yolk,  giving  it  a  mottled 
appearance.  Work  at  the  Michigan  Experiment  Station  has  demon¬ 
strated  that  the  mottled  appearance  of  the  yolk  is  sometimes  due  to  the 
imperfect  condition  of  the  peripheral  layer  of  light  yolk,  allowing  areas  of 
dark  yolk  lying  beneath  to  show  through. 

Loose  Shell  Membranes. — Very  occasionally  fragments  of  the  inner  and 
outer  shell  membranes,  apparently  secreted  at  a  time  when  no  egg  is  being 
formed  in  the  oviduct,  become  included  in  the  white  of  an  egg.  Such 
defects  are  called  by  candlers  “tapeworms.” 

Blind  Check: — An  egg  with  a  crack  in  the  shell  so  small  that  it  can 
be  detected  only  by  candling  or  by  tapping  the  egg  against  one  sound  in 
shell  is  known  as  a  “blind  check.” 

Body  Check. — An  egg  termed  a  “body  check”  is  one  in  which  the 
shell  has  apparently  been  cracked  in  the  uterus  of  the  oviduct  and  then 
more  shell  material  is  deposited  over  the  crack. 

Leakers. — Leakers  are  cracked  eggs  from  which  the  contents  are 
leaking. 

Light  and  Heavy  Floats. — The  excessive  heating  of  eggs,  whether 
from  extreme  exposure  to  the  rays  of  the  sun  or  by  being  held  in  warm 
places,  gives  rise  to  two  different  kinds  of  eggs  known  as  “light  floats,” 
and  “heavy  floats.”  Light  floats  as  they  appear  before  the  candle 
have  enlarged  air  cells  and  darkened  yolks.  The  eggs  have  a  darkened 
and  heated  appearance  and  deteriorate  more  readily  than  fresh  eggs. 
Heavy  floats  are  more  seriously  defective  than  light  floats  because  the 
air  cells  are  larger  and  the  yolks  are  much  darker  and  closer  to  the  shell. 

Moldy  and  Musty  Eggs. — Moldy  and  musty  eggs  are  the  result  of 
molds  on  the  outside  or  inside  of  the  shell,  especially  if  the  shell  is  cracked. 

Rots. — Rots  of  various  kinds  are  the  result  of  bacterial  infection, 
although  normal  fresh  eggs  are  practically  sterile.  Moldy  eggs  and  those 
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with  rots  contain  a  relatively  high  percentage  of  bacterial  infection. 
Many  kinds  of  eggs  with  rots  are  found  in  commercial  practice. 

The  first  stage  of  bacterial  decomposition  gives  rise  to  a  condition 
known  as  “addled,”  “sour,”  or  “white  rot.”  Upon  candling  such  an 
egg  it  usually  appears  to  be  very  watery,  but  close  inspection  reveals  light 
and  dark  streaks  crossing  the  line  of  vision. 

CAUSES  OF  DETERIORATION  IN  QUALITY 

Among  all  foods  used  by  human  beings  eggs  are  unique  because  their 
contents  are  enclosed  in  a  naturally  prepared  shell  package  which  serves 
as  a  protection  against  deterioration;  but  since  the  contents  are  highly 
perishable,  the  shell  serves  to  conceal  from  the  prospective  consumer 
the  deterioration  that  may  have  taken  place.  The  shell  is  therefore 
both  an  asset  and  a  liability. 

The  contents  of  a  normal  fresh  egg  represent  one  of  the  best  foods  in 
the  human  diet,  but  deterioration  progresses  rapidly  when  eggs  are 
subjected  to  improper  conditions  of  handling  and  storage.  Proper  steps 
in  order  to  retain  the  original  high  quality  of  fresh-laid  eggs  can  be  taken 
only  when  an  understanding  is  gained  of  the  numerous  factors  that  cause 
deterioration. 

High  Temperature  Ages  Eggs. — Some  of  the  most  noticeable  changes 
that  take  place  in  eggs  are  due  to  high  temperatures  in  which  they  are 
frequently  held.  Water  evaporates  through  the  porous  shell,  the  air 
cell  enlarges,  the  thick  white  breaks  down,  the  thin  white  becomes  quite 
watery,  the  vitelline  membrane  surrounding  the  yolk  becomes  weaker, 
and  the  yolk  becomes  more  flaccid.  Such  is  a  gross  picture  of  what  takes 
place  in  the  aging  of  eggs,  a  process  that  is  governed  largely  by  the  condi¬ 
tions  under  which  eggs  are  held,  irrespective  of  time.  Other  changes 
also  take  place,  including  those  of  odor  and  flavor,  depending  upon  the 
environment  in  which  eggs  are  kept.  An  egg  of  superior  quality  kept  in 
a  bad  environment  ages  much  more  quickly  than  one  of  fair  quality  kept 
in  a  good  environment.  Most  poultry  producers  and  egg  dealers  fail 
to  appreciate  the  fact  that  the  yolk  and  white  of  an  egg  are  very  sensitive 
to  unfavorable  conditions  of  holding  and  handling. 

Since  the  embryo  starts  to  develop  in  a  fertile  egg  if  it  is  kept  in  a 
temperature  above  68°F.,  it  is  obvious  that  eggs  should  be  held  below  that 
temperature,  the  most  practicable  range  being  between  40  and  63 °F.,  a 
temperature  of  about  55°F.  being  considered  the  optimum. 

Alternately  high  and  low  temperatures,  such  as  occur  from  daytime 
to  nightime  in  many  sections  of  the  country  during  the  summer  months, 
give  rise  to  a  condition  recognized  as  “heat  spots.”  Embryo  develop¬ 
ment  begins  and  then  is  arrested,  a  reddened  spot  appearing  on  the  surface 
of  the  yolk  when  the  egg  is  candled.  Unless  such  an  egg  is  kept  in  a  cool 
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temperature  it  is  very  liable  to  develop  into  a  “rot.”  In  infertile  eggs 
the  alternately  high  and  low  temperatures  of  summer  apparently  cause  the 
yolk  to  assume  a  mottled  appearance,  the  aging  of  the  egg  proceeding 
rather  rapidly  if  it  is  not  placed  in  a  cool  temperature  immediately. 
Infertile  eggs  do  not  spoil  nearly  so  rapidly  as  do  fertile  eggs  under  ordi¬ 
nary  methods  of  handling  and  storing. 

In  addition  to  the  aging  of  eggs  in  high  temperatures,  the  evaporation 
of  the  water  content  of  the  egg  causes  a  loss  in  weight  that  is  of  great 


Fig.  163. — Showing  mottling  in  the  shell  due  to  low  humidity.  At  the  top  left  are  6  eggs 
photographed  about  2  hours  after  being  laid,  and  at  the  top  right  are  the  same  eggs  photo¬ 
graphed  after  being  held  for  12  days  in  a  room  having  an  average  daily  temperature  of 
65°F.  and  a  relative  humidity  of  about  92  per  cent.  At  the  bottom  left  are  6  eggs  photo¬ 
graphed  about  2  hours  after  being  laid,  and  at  the  bottom  right  are  the  same  eggs  photo¬ 
graphed  after  being  held  for  12  days  in  a  room  having  a  temperature  of  65°F.  and  a  relative 
humidity  of  64  per  cent.  ( Univ .  of  Del.) 


practical  importance  in  marketing.  Standard  market  size  is  2  oz.  per 
egg,  or  V/2  lb.  per  dozen,  or  45  lb.  per  30-doz.  case.  A  shrinkage  of  only 
5  per  cent  would  mean  a  loss  of  2.25  lb.  per  30  doz.,  which  would  then 
weigh  only  42%  lb. 

Liquefaction  Changes  Quality. — It  has  already  been  observed  that 
when  eggs  are  held  in  too  high  a  temperature  there  is  a  general  breaking 
down  of  the  white  of  the  egg,  a  weakening  of  the  vitelline  membrane,  and 
increased  flaccidity  of  the  yolk.  As  eggs  age  the  white  decreases  in 
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viscosity  so  that  the  yolk  floats  nearer  to  the  shell,  casting  a  darker  sha¬ 
dow.  This  liquefaction  appears  to  be  due  in  part  to  the  influence  of 
osmotic  pressure  as  the  result  of  which  water  passes  from  the  white  of  the 
egg  to  the  yolk.  The  contents  of  the  yolk  become  more  fluid,  and  the 
vitelline  membrane  is  stretched  so  that  when  such  an  egg  is  broken  open 
the  yolk  tends  to  flatten  out. 

The  results  secured  from  work  done  at  Cornell  University  and  the, 
California  Experiment  Station  indicate  that  liquefaction  tends  to  be 
reduced  by  preventing  the  loss  of  carbon  dioxide  from  the  egg  either  by 
placing  the  eggs  in  an  atmosphere  of  carbon  dioxide  or  by  sealing  the 
pores  of  the  shells  with  oil.  It  should  be  noted  that  under  normal  holding- 
conditions  eggs  lose  carbon  dioxide,  rapidly  at  first  and  then  more  and 
more  slowly.  Workers  at  the  California  Experiment  Station  have  sug¬ 
gested  that  liquefaction  is  due  to  two  different  processes:  (1)  In  low 
concentrations  of  carbon  dioxide  the  long  mucin  fibers  of  the  thick  white 
break  up  into  shorter  fibers;  and  (2)  in  excess  concentrations  of  carbon 
dioxide  the  long  mucin  fibers  of  the  thick  white  contract  and  squeeze  a 
liquid  solution  of  other  proteins  from  the  thick  white. 

The  possible  cause  of  the  liquefaction  of  the  thick  white  has  been 
studied  from  another  angle  by  research  workers  in  the  Bureau  of  Chem¬ 
istry  and  Soils  of  the  U.  S.  Department  of  Agriculture.  It  was  observed 
that  thin  white  is  formed  from  thick  white  by  the  action  of  a  tryptic 
proteinase  contained  in  the  thick  white  and  that  the  thin  white  contains 
an  antitrypsin  which  inhibits  the  action  of  the  enzyme  after  thin  white 
has  been  formed.  It  was  also  found  that  the  injection  of  trypsin  into  the 
thick  white  hastened  liquefaction.  At  the  Kansas  Experiment  Station 
it  was  discovered  that  the  inner  layer  of  thin  white,  immediately  surround¬ 
ing  the  yolk,  contains  by  far  the  most  of  the  inhibiting  substance  respon¬ 
sible  for  the  resistance  of  the  thick  white  of  fresh-laid  eggs  to  proteolytic 
activity. 

Chemical  Evidence  of  Quality. — Certain  chemical  changes  take  place 
in  eggs,  their  extent  depending  in  some  measure  upon  the  conditions  under 
which  eggs  are  held.  In  the  yolk  there  is  a  progressive  increase  in  the 
water  content,  the  acid  number  of  the  fat,  inorganic  phosphorus,  and 
loosely  bound  ammonia.  In  the  white  there  is  apparently  no  decrease 
in  glucose  and  no  definite  increase  in  the  simpler  protein  fractions  in  the 
uninfected  egg  until  it  reaches  the  inedible  grade. 

Hydrogen-ion  Concentration  and  Quality. — The  hydrogen-ion  con¬ 
centration  of  fresh  egg  white  and  fresh  egg  yolk,  expressed  as  pH,  has 
been  variously  reported  as  from  7.5  to  8.2  for  egg  white  and  from  6.0  to 
6.3  for  the  yolk.  Since  carbon  dioxide  escapes  from  the  egg,  as  pointed 
out  previously,  the  acidity  decreases,  and  the  alkalinity  increases  the 
longer  the  eggs  are  held,  at  least  up  to  a  certain  point.  In  eggs  that  have 
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been  held  for  some  time  the  pH  value  of  the  white  has  been  variously 
reported  as  from  8.9  to  9.5,  and  the  pH  value  of  the  yolk  as  from  6.5  to 
6.9.  It  should  be  observed  that  a  relatively  small  increase  in  the  pH 
value  of  egg  contents  indicates  a  marked  change  in  alkalinity  and  that  the 
change  takes  place  much  less  rapidly  at  low  than  at  high  temperatures. 
The  pH  of  the  white  of  the  egg  is  one  of  the  controllable  factors  in  the 
storage  of  eggs,  practical  use  being  made  of  the  factor  by  adding  carbon 
dioxide  to  the  atmosphere  of  storage  rooms  in  which  eggs  are  being  stored. 

Molds  and  Bacteria  Lower  Quality. — The  development  of  molds  and 
bacterial  infection  are  two  very  important  factors  causing  the  spoilage 
of  many  eggs.  Washing  dirty  eggs  sometimes  gives  rise  to  bacterial 
contamination  on  the  inside  of  the  shell.  Molds  develop,  for  the  most 
part,  in  the  presence  of  moisture  on  the  shell  of  the  egg,  which  may  be  the 
result  of  the  eggs’  “ sweating”  or  some  of  the  egg  contents’  seeping  through 
a  cracked  shell.  Moldy  eggs  frequently  possess  a  pungent  odor  and 
musty  flavor. 

Although  the  contents  of  fresh  eggs  are  practically  free  of  bacteria, 
the  presence  of  moisture  and  dirt  on  the  shells  is  favorable  to  bacterial 
infection.  That  such  does  occur  is  evidenced  by  the  appearance  of  rots 
of  various  kinds.  Recently  workers  in  the  Department  of  Agriculture  of 
South  Australia  have  reported  the  finding  of  an  organism,  cultured  from 
the  ground  chalazas  of  infected  eggs,  responsible  for  the  development  of 
the  excessive  mobility  of  the  yolk  and  in  many  cases  an  increased  yolk 
shadow  upon  candling. 

Odors  and  Flavors  Absorbed. — The  porous  nature  of  the  eggshell 
allows  the  egg  to  absorb  odors  and  flavors  quite  readily,  so  that  eggs 
should  not  be  allowed  to  come  in  contact  with  such  foods  or  materials 
as  onions  and  kerosene.  Musty  flats,  fillers,  and  cartons  should  never  be 
used. 

PRESERVING  EGG  QUALITY 

The  importance  of  preserving  the  superior  quality  of  fresh-laid  eggs 
cannot  be  overemphasized,  because  the  quality  of  market  eggs  affects 
their  price,  the  number  consumed,  and  the  costs  of  marketing.  The 
marketing  of  bad  eggs  means  loss  in  shipping  costs  and  a  lower  average 
price  for  all  eggs  marketed.  The  greater  the  care  given  in  preserving  the 
quality  of  eggs  on  the  farm  the  less  the  expense  involved  in  relation  to 
their  value  in  maintaining  their  quality  while  they  are  passing  through 
the  various  channels  of  distribution  and  the  greater  the  consumption. 
Stale  eggs  kill  the  demand  for  eggs  more  than  high  prices  do.  In  all 
probability  any  appreciable  increase  in  the  per  capita  consumption  of 
eggs  will  depend  upon  the  extent  to  which  the  average  quality  of  all  eggs 
marketed  is  improved. 
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From  what  has  been  said  previously  in  the  section  on  causes  of  deteri¬ 
oration  in  egg  quality,  it  is  apparent  that  a  reasonably  low  temperature 
is  the  first  requisite  in  the  preservation  of  egg  quality.  Other  factors  of 
outstanding  importance  include  the  humidity  of  the  atmosphere  in  which 
eggs  are  held,  the  cleanliness  of  egg  shells  and  all  utensils  and  equipment 
used  in  handling  and  packing  eggs,  conditions  of  handling  and  storing, 
and  the  time  that  elapses  between  the  production  and  consumption  of 
the  eggs. 

Farm  Preservation  of  Quality. — The  few  necessary  details  in  the 
preservation  of  the  high  quality  of  fresh-laid  eggs  constitute  some  of  the 
most  profitable  items  of  investment  in  the  business  of  egg  production. 
Clean  litter  in  the  poultry  house,  plenty  of  clean  nests,  screened  droppings 


Fig.  164. — Showing  temperature  differences  in  Connecticut  egg-cooling  rooms.  ( Jones , 

1933.) 

boards  or  pit,  the  frequent  gathering  of  eggs  in  wire  baskets,  and  prompt 
cooling  in  a  sanitary  and  well-ventilated  egg  room  are  some  of  the  more 
important  essentials  that  ensure  the  preservation  of  superior  egg  quality. 

Apparently  the  greatest  need  on  the  majority  of  farms  and  commercial 
poultry  plants  for  the  preservation  of  egg  quality  is  a  suitable  egg-cooling 
room  where  a  temperature  of  about  55°F.  can  be  maintained.  The 
extension  service  of  the  Connecticut  Agricultural  College  found  that 
among  201  egg  rooms  on  poultry  plants  the  average  temperature  taken 
the  first  week  of  each  month  during  June,  July,  and  August  in  1932 
averaged  63.6°F.  The  average  temperature  for  the  three  different  kinds 
of  egg  rooms  was  as  follows:  31  rooms  entirely  aboveground,  67.9°F.; 
40  rooms  one-half  below  ground,  64.1°F.;  130  rooms  below  ground  level, 
62.7°F.  Among  the  130  rooms  below  ground  level  were  10  that  had  a 
building  above  the  egg  room,  and  in  these  10  egg  rooms  the  temperature 
was  57.9°F. 

In  constructing  an  egg  room  some  of  the  important  points  to  be  kept 
in  mind  include  the  following:  (1)  The  walls  should  be  thick  and  well 
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banked  with  earth;  (2)  the  outside  entrance  should  be  preferably  on  the 
north  side,  and  there  should  be  a  vestibule;  (3)  the  ceiling  and  any  parti¬ 
tions  in  the  room  should  be  well  insulated ;  (4)  relatively  small  windows  or 
openings  should  be  provided  for  ventilation;  (5)  the  atmosphere  should 
have  a  relative  humidity  of  70  per  cent  or  higher,  and  this  can  be  accom¬ 
plished  by  occasionally  throwing  water  on  the  floor  or  allowing  water  to 
evaporate  from  burlap  hung  on  the  wall  and  kept  moist  by  a  drip  system. 
If  mildew  tends  to  develop  on  the  burlap,  the  latter  may  be  dipped  in  a 
dilute  solution  of  copper  sulfate,  H  lb.  per  gallon  of  water.  If  the  eggs 
have  a  tendency  to  “  sweat’  ’  when  removed  from  the  egg  room  to  be 
marketed,  the  difficulty  can  be  overcome  to  a  large  extent  by  removing 
them  at  night  or  early  in  the  morning. 

The  Missouri  Experiment  Station  conducted  a  number  of  interesting 
observations  on  the  cooling  of  eggs  on  the  farm,  the  results  being  of  great 
practical  importance  to  egg  producers  everywhere.  With  a  few  changes, 
the  conclusions  drawn  from  the  investigations  and  the  practical  sugges¬ 
tions  offered  for  the  preservation  of  egg  quality  are  given  here. 

1.  Eggs  should  be  gathered  frequently  each  day  during  hot  weather 
and  placed  in  containers  where  they  are  exposed  directly  to  cool  air. 

2.  They  should  be  gathered  in  a  wire  basket  and  held  overnight  in  a 
cool  place  in  the  basket  or  on  wire  trays  to  permit  all  heat  to  escape  from 
them.  When  cooled,  they  should  be  cased  and  held  in  a  cool  place  until 
taken  to  market. 

3.  Eggs  ranging  in  temperature  from  92  to  102°F.  when  held  in  an 
egg  room  of  50°F.  temperature  required  the  following  lengths  of  time, 
respectively,  to  be  cooled  to  below  68°F. :  single  egg,  1  hr. ;  an  egg  in  the 
center  of  three  layers  of  eggs  on  a  wire  tray,  3  hr.;  an  egg  in  the  center 
of  a  wire  basket,  5  hr. ;  an  egg  in  the  center  of  a  galvanized  pail,  10  hr. ;  an 
egg  in  the  center  of  a  chilled  case,  15.5  hr. 

4.  Eggs  held  in  a  household  refrigerator  in  containers  similar  to  those 
used  in  cooling  eggs  in  an  egg  room  (50°F.)  cooled  more  rapidly  than  when 
they  were  cooled  in  the  egg  room,  because  the  difference  in  temperature 
between  the  egg  and  the  surrounding  air  was  greater. 

5.  The  circulation  of  air  in  the  refrigerator  or  egg  room  increased 
the  rate  of  cooling,  particularly  when  the  eggs  were  held  on  a  wire  tray 
or  in  a  wire  basket.  In  an  egg  room  the  circulation  of  air  could  be 
obtained  by  the  use  of  an  electric  fan. 

6.  Eggs  placed  in  cases  that  had  been  chilled  cooled  more  rapidly 
than  those  placed  in  warm  cases. 

7.  The  problem  of  preventing  an  increase  in  temperature  is  as  impor¬ 
tant  as  that  of  cooling  eggs.  The  use  of  chilled  cases,  case  liners,  and 
insulation  for  the  cases  reduces  the  rate  at  which  the  temperature  of 
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the  eggs  increase  when  they  are  exposed  in  their  containers  to  high 
temperatures. 

8.  Eggs  should  not  be  placed  in  cases  until  the  temperature  of  the 
eggs  has  been  reduced.  The  use  of  cool  cases  instead  of  warm  ones  will 
help  keep  eggs  cool.  The  flats,  fillers,  and  cases  carry  considerable  heat 
which  should  be  removed  by  cooling  them  before  the  eggs  are  cased. 

9.  Circulating  air  in  the  egg  room  speeds  up  cooling  very  greatly, 
especially  if  the  eggs  are  held  in  a  wire  basket  or  on  a  wire  tray.  If  the 
air  is  dry,  its  circulation  will  increase  evaporation  so  that  the  benefits 
from  rapid  cooling  may  be  lost  by  the  damage  resulting  from  the  increased 


Fig.  165.— Graphs  showing  the  time  required  for  the  interior  of  an  egg  to  cool  from 
approximately  100°F.  to  below  68°F.,  when  held  in  the  different  containers  indicated. 
(Funk,  1935). 

size  of  the  air  cell.  Where  facilities  are  available  for  increasing  air  cir¬ 
culation  the  practice  would  be  advisable,  particularly  if  a  relatively  high 
humidity  can  be  maintained. 

10.  The  room  or  cooler  used  should  have  a  relatively  high  humidity, 
which  may  be  maintained  by  keeping  the  floor  damp  and  by  hanging 
pieces  of  wet  burlap  in  the  room.  Evaporation  of  moisture  from  the 
floor  or  the  burlap  will  tend  to  reduce  the  temperature  of  the  room  or 
cooler. 

IE  The  use  of  case  liners  or  other  insulation  tends  to  keep  eggs  cool 
when  their  containers  are  exposed  to  high  temperatures.  When  eggs 
are  cooled  on  the  farm  or  in  the  dealer’s  plant  and  later  exposed  to  high 
temperatures  in  transit,  they  should  be  protected  by  shade  and  insulation. 
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The  producer  will  find  that  wrapping  a  case  in  a  piece  of  canvas  or  blanket 
to  prevent  the  sun  from  shining  on  the  case  will  help  to  keep  eggs  cool 
while  they  are  being  taken  to  market. 

Another  necessary  step  in  preserving  egg  quality  is  frequent  market¬ 
ing,  especially  in  warm  weather.  Other  things  being  equal,  the  more 
frequently  eggs  are  marketed  the  better  the  price  usually  received  and 
the  greater  the  profits  in  production.  Their  proper  protection  while 
being  marketed  is  most  essential  in  the  preservation  of  quality  and  in 
commanding  top  prices. 

Washing  Dirty  Eggs. — On  most  farms  a  certain  number  of  dirty  eggs 
are  inevitable,  and  since  they  should  not  be  marketed  in  that  condition 


Fig.  166. — A  farmer  delivering  eggs  to  market.  Note  that  the  cases  of  eggs  are  covered 
with  a  damp  blanket  to  protect  the  eggs  from  the  hot  sun.  ( Menefee .) 


they  present  a  problem,  because  washing  them  with  water  has  been  found 
to  result  in  rapid  deterioration  in  quality,  especially  if  they  are  stored. 
Experimental  work  conducted  by  the  Missouri  Experiment  Station  has 
shown,  however,  that  dirty  eggs  washed  with  water  containing  0.5  or 
1  per  cent  sodium  hydroxide  were  practically  equal  in  interior  quality  to 
clean  unwashed  eggs  after  8  and  10  months  of  storage.  Sodium  hydroxide 
dissolved  in  water,  otherwise  known  as  “lye  water,”  is  an  odorless  sub¬ 
stance  which  is  effective  in  destroying  microorganisms  in  the  dirt  on  the 
shell  but  does  not  affect  the  appearance  of  the  shell  or  the  flavor  of  the  egg. 

Cooking  tests  demonstrated  that  dirty  eggs  washed  with  lye  water 
were  comparable  in  quality  with  clean  unwashed  eggs.  Since  it  is  a 
common  practice  to  break  open  eggs  with  dirty  shells  in  order  to  freeze 
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them,  it  is  interesting  to  note  that  by  washing  the  dirty  shells  with  a  1  per 
cent  solution  of  lye  water  the  bacterial  content  of  the  frozen  whole-egg 
product  was  considerably  reduced  as  compared  with  the  frozen  whole-egg 
product  obtained  from  eggs  with  dirty  shells  that  had  not  been  washed, 
the  bacterial  counts  having  been  made  after  9  months  of  storage. 

In  the  washing  process  rubber  gloves  should  be  used,  and  the  lye 
water  should  be  changed  sufficiently  often  to  make  sure  of  its  effective¬ 
ness  in  destroying  contamination. 


Fig.  167. — Cool,  circulating,  and  humidified  air,  as  well  as  cleanliness  is  necessary  for  the 
preservation  of  egg  quality.  ( Eastern  Division ,  Armour  &  Co.) 


Preserving  Quality  in  Storage. — Producers  in  all  parts  of  the  country 
should  appreciate  the  function  that  the  cold  storage  of  eggs  serves  in 
regulating  prices  in  such  a  way  as  to  increase  production  returns.  Over 
one-half  of  the  total  annual  egg  crop  in  the  United  States  is  produced  in 
the  4  months  of  March,  April,  May,  and  June.  This  uneven  seasonal 
production  results  in  a  surplus  of  eggs  during  the  spring  and  early  summer 
seasons  and  a  corresponding  scarcity  during  the  fall  and  winter  months. 
On  the  other  hand,  the  consumption  of  eggs  is  fairly  stable  throughout 
the  year  except  that  in  the  spring  months  it  is  greater  but  is  still  not 
enough  to  take  up  the  surplus  produced  during  that  time. 

Although  for  many  years  it  has  been  customary  to  hold  eggs  in  storage 
for  approximately  7  or  8  months,  the  tendency  is  for  the  storage  period 
to  be  shortened  to  about  4  or  5  months.  This  change  is  largely  the  result 
of  relatively  heavier  egg  production  during  January  and  February  in 
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recent  years  as  compared  with  several  years  ago.  Many  cold-storage 
operators  have  found  it  highly  advantageous  to  dispose  of  their  storage 
holdings  during  the  late  summer  and  early  fall  months. 

The  surplus  eggs  are  packed  in  30-doz.  egg  cases,  with  new  fillers  and 
flats,  placed  in  cold  storage,  and  then  taken  out  again  to  make  up  the 
shortage  in  egg  supply  during  the  fall  and  winter  months.  The  placing 
of  eggs  in  cold  storage  and  holding  them  there  to  put  on  the  markets 
when  there  is  a  shortage  tends  to  stabilize  prices.  At  the  same  time  it  is 
estimated  that  approximately  only  about  10  to  15  per  cent  of  the  total 
annual  production  of  eggs  is  placed  in  storage  each  year.  The  proper 
storage  of  these  eggs  with  a  view  toward  preserving  their  quality  is  of 
great  importance,  because  their  quality  when  taken  out  of  storage  influ¬ 
ences  the  general  price  level  of  all  other  eggs. 

Since  it  has  been  shown  that  for  different  lots  of  eggs  kept  under 
similar  conditions  of  storage  the  quality  of  the  eggs  upon  being  taken  out 
of  storage  is  in  direct  relation  to  their  quality  when  placed  in  storage,  it 
is  obvious  that  the  greatest  possible  care  should  be  exercised  in  the  selec¬ 
tion  of  only  the  best  possible  quality  of  eggs  for  storage  purposes. 

Much  research  has  been  undertaken  to  determine  the  proper  condi¬ 
tions  of  temperature,  humidity,  and  ventilation  necessary  for  preserving 
egg  quality.  The  temperature  of  storage  rooms  should  be  held  at  29  to 
about  30°F.,  but  each  storage  room  must  be  tested  separately  to  deter¬ 
mine  the  proper  humidity  and  ventilation  to  be  maintained. 

A  high  relative  humidity  in  the  storage  room  is  desirable  in  order  to 
prevent  excessive  evaporation  of  water  from  the  eggs,  but  mold  grows 
luxuriantly  if  the  relative  humidity  at  the  shell  surface  is  96  per  cent  or 
higher.  At  relative  humidities  ranging  from  90  to  94  per  cent  a  slight 
white  mold  called  “whiskers”  occurs,  many  storage  operators  using  this 
phenomenon  as  an  indication  that  a  desirable  relative  humidity  is  being- 
maintained. 

Except  at  extremely  low  velocities,  the  rate  of  evaporation  of  water 
from  the  egg  is  independent  of  air  circulation.  However,  an  impercepti¬ 
ble  movement  of  air  in  the  storage  room  eliminates  the  gradient  in  the 
atmosphere  so  that  the  humidity  at  the  shell  surface  is  the  same  as  else¬ 
where  in  the  storage  room.  The  forced  circulation  of  air  maintained  in 
many  storage  rooms  permits  a  higher  relative  humidity  to  be  maintained 
in  the  aisles  between  the  rows  of  stored  cases  of  eggs.  An  increase  in 
relative  humidity  reduces  evaporation  of  water  from  the  eggs  in  the  more 
exposed  portions  of  the  cases  but  has  relatively  little  effect  on  those  in 
the  center.  When  the  relative  humidity  is  kept  approximately  constant, 
an  increase  in  air  circulation  has  little  effect  on  the  rate  of  evaporation  of 
water  from  the  eggs  in  the  outer  layers  of  the  cases  but  does  tend  to 
increase  it  in  the  interior. 
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Ozone  is  used  in  many  cases  for  the  purpose  of  checking  odors 
and  mold  growth.  Carbon  dioxide  has  also  been  introduced  into 
storage  rooms  for  the  purpose  of  preserving  egg  quality,  as  observed 
previously. 

When  eggs  are  taken  out  of  the  cold-storage  room  they  should  be  held 
for  awhile  in  another  room  in  which  the  temperature  is  not  more  than 
about  15°F.  higher  than  that  of  the  cold-storage  room.  In  other  words, 
whenever  eggs  are  moved  from  a  “holding”  room  to  another  room,  the 
change  in  temperature  should  not  exceed  about  15°F. 

Oil-treated  Eggs. — It  has  been  pointed  out  previously  that  the  high¬ 
est  quality  in  eggs  is  found  in  fresh  ones  when  they  are  produced  under 
sanitary  and  otherwise  satisfactory  conditions.  A  method  of  treating- 
fresh  eggs  to  preserve  the  quality  has  been  developed  in  recent  years. 
The  eggs  are  dipped  for  a  few  seconds  in  a  solution  of  odorless,  tasteless 
mineral  oil  heated  to  a  temperature  of  225  to  240°F.,  although  recently 
a  much  lower  temperature  has  been  used  with  good  results.  The  coating 
of  the  eggs  with  the  oil  seals  the  pores  of  the  cells.  This  prevents  the 
evaporation  of  the  water  content  from  the  egg  and  tends  to  preserve  its 
original  quality. 

The  bulk  of  the  oil-treated  eggs  are  placed  in  cold  storage,  and  when 
they  are  removed  they  are  sold  in  the  oil-treated  condition,  or  sometimes 
the  oil  is  removed  from  the  shells  by  passing  the  eggs  through  a  sandblast. 
This  is  sometimes  referred  to  as  “manicuring”  the  oil-treated  eggs,  and 
when  so  treated  they  must  be  sold  soon  thereafter,  because  the  pores  of 
the  shells  have  been  opened,  permitting  relatively  rapid  evaporation  to 
take  place.  Recently  some  experimental  work  has  been  undertaken  with 
a  vacuum-carbon  dioxide  method  of  oil  treating  eggs,  the  results  indicat¬ 
ing  that  interior  quality  is  maintained  somewhat  better  under  conditions 
of  storage  than  in  eggs  oil  treated  by  the  ordinary  method. 

Home  Preservation  of  Eggs. — The  home  preservation  of  eggs  has  been 
practiced  for  many  years.  When  prices  are  low  in  the  spring  it  is  fre¬ 
quently  advantageous  to  preserve  a  few  eggs  for  cooking  and  baking 
purposes  during  the  fall  and  winter  months.  Only  fresh  eggs  of  the  very 
best  possible  quality  should  be  used,  and  they  should  be  clean  and  sound 
in  shell. 

The  eggs  are  preserved  in  a  solution  of  water  glass  (soluble  sodium 
silicate).  To  9  parts  boiled  rain  water  that  has  been  cooled  add  1  part 
water  glass.  Put  the  solution  in  an  open  crock,  and  place  the  eggs  in  it 
as  they  are  gathered  every  day.  Place  them  with  the  large  end  upper¬ 
most,  and  be  sure  that  there  is  at  least  2  in.  of  the  solution  above  the  top 
layer  of  eggs.  The  eggs  may  be  kept  in  the  solution  for  several  months. 
If  they  are  to  be  cooked,  pierce  the  air  cell  with  a  needle  to  prevent  them 
from  cracking  during  the  process. 
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Freezing  Eggs. — The  freezing  of  the  yolks  and  whites  of  eggs  is  a 
method  of  preserving  egg  quality  that  has  proved  to  be  of  outstanding 
importance  to  the  industry.  The  frozen-egg  industry  has  been  of  service 
in  two  ways:  removing  surpluses  during  the  spring  flush  season  and 
providing  the  bakeries  with  a  product  that  is  more  conveniently  used  in 
baking  than  eggs  in  the  shell. 

It  has  been  pointed  out  previously  that  over  one-half  of  the  annual 
production  of  eggs  is  produced  in  the  4  months  of  March,  April,  May,  and 
June.  Many  of  these  eggs  are  frozen  and  stored  for  future  use.  The 
industry  has  developed  to  considerable  proportions,  the  freezing  season 


FROZEN  EGGS  AS  PERCENTAGE  OF  U.S.  TOTAL  STORAGE 
STOCKS  ON  AUGUST  1.  1916  TO  DATE 


Fig.  168. — The  egg  freezing  industry  has  expanded  considerably  during  recent  years. 

(£7.  S.  Dept.  Agr.) 

each  year  often  extending  up  to  September.  Most  of  the  eggs  for  freezing 
are  obtained  from  the  central  and  southwestern  parts  of  the  country. 

The  baking,  candy-manufacturing,  and  mayonnaise-manufacturing 
industries  as  well  as  others  have  benefited  from  the  expansion  and  devel¬ 
opment  of  the  frozen-egg  industry.  The  product  is  available  in  con¬ 
venient  form  for  many  purposes,  although  once  it  is  removed  from  storage 
it  should  be  used  rather  quickly.  The  white  or  albumen  portion  of  the 
egg,  which  is  used  in  cakes,  candies,  and  meringues,  is  not  appreciably 
altered  by  freezing.  On  the  other  hand,  the  freezing  of  the  yolks,  which 
are  used  in  noodle  and  mayonnaise  manufacture,  precipitates  the  lecitho- 
protein,  the  substance  responsible  for  the  emulsifying  properties  of  the 
yolk.  When  substances  such  as  salt,  sugars,  or  glycerin  are  added  to 
yolks  that  are  to  be  frozen,  the  freezing  point  can  be  lowered,  and  the 
frozen  yolks  can  be  stored  at  much  lower  temperatures.  Precipitation 
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occurs  when  the  yolks  with  these  substances  added  are  actually  frozen. 
The  freezing  of  whole  eggs,  which  are  used  principally  by  bakers,  may 
alter  their  physical  properties. 

Eggs  that  are  to  have  their  contents  frozen  are  chilled  at  about  40°F., 
then  candled  in  a  chilled  room.  The  good  eggs  are  sent  directly  to  the 
breaking  room,  which  is  kept  at  about  60°F.,  and  here  they  are  broken 
open  by  trained  girls  who  use  sanitary  methods  in  all  operations  in  the 
handling  of  the  eggs.  All  utensils  are  sterilized  frequently,  and  care  is 
taken  to  keep  the  breaking  room  clean.  The  eggs  are  examined  by  the 
eye  and  are  smelled  for  odors,  a  keen  sense  of  smell  being  very  important. 


Fig.  169. — A  mechanical  apparatus  for  breaking  eggs  and  for  separating  yolks  and  whites 
for  the  preparation  of  frozen  and  dried  egg  products.  ( Poultry  Craftsman  and  Breeder.) 


The  broken  egg  is  separated  into  the  white  and  the  yolk  parts,  the  yolk 
being  dropped  into  a  cup.  Both  the  white  and  the  yolk  are  then  dropped 
into  the  can  in  which  they  are  to  be  frozen. 

The  whites  and  yolks,  each  in  considerable  bulk,  are  passed  over 
baffle  plates  or  other  apparatus  for  the  purpose  of  removing  bits  of  shell. 
Before  the  yolk  mags  is  frozen,  the  vitelline  membranes  must  be  crushed, 
and  then  salt,  5  per  cent  of  glycerin,  or  10  per  cent  of  sucrose  are 
added  before  churning,  which  precedes  freezing.  Sometimes  whites  are 
not  churned  before  being  frozen,  although  churning  hastens  beating 
quality.  Sometimes  yolks  and  whites  are  mixed  for  freezing,  churning- 
being  necessary  before  the  mixture  is  frozen.  In  many  cases  emulsifying 
agents  are  added  to  the  white  or  the  white-and-yolk  mixture  before 
freezing. 
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Whether  frozen  yolks,  frozen  white,  or  frozen  whole  egg  is  being 
prepared,  the  contents  in  each  case  are  poured  into  cans  which  hold 
approximately  30  lb.  of  frozen  product.  The  cans  are  then  placed  in  a 
sharp  freezer  where  a  subzero  temperature  is  maintained  and  the  contents 
are  frozen  solid,  after  which  the  cans  may  be  held  in  a  room  with  a  tem¬ 
perature  of  0  to  5°F.  until  sold.  The  frozen  contents  are  not  thawed 
out  until  they  are  to  be  used. 

A  30-doz.  case  of  eggs,  weighing  approximately  45  lb.,  yields  about  34 
to  36  lb.  of  whole-egg  mixture  or  about  15  lb.  of  egg  yolk  and  20  lb.  of  white. 


Fig.  170. — The  interior  of  an  egg-breaking  plant.  The  manufacture  of  frozen  and  dried 
eggs  requires  strict  sanitation  in  the  various  operations.  ( Poultry  Craftsman  and  Breeder.) 

Drying  Eggs. — The  drying  of  eggs  is  another  method  of  preserving 
egg  quality  which  has  developed  into  considerable  proportions  in  this 
country  in  recent  years.  Most  of  the  eggs  used  for  drying  are  produced 
in  the  southwestern  sections  of  the  country,  surplus  supplies  during  the 
spring  and  early  summer  being  used  for  the  most  part. 

The  dried-egg  industry  serves  to  remove  surpluses  which  accumulate 
in  seasons  of  heavy  production  and  provides  the  baking  and  confectionery 
industries  with  an  extremely  useful  product  well  adapted  for  a  variety  of 
purposes. 

Three  of  the  most  commonly  used  methods  of  drying  eggs  include  the 
belt,  the  spray,  and  the  pan. 

In  the  belt  method  the  whole-egg  mixture  is  placed  in  layers  on  a 
4-ft.  continuous  aluminum  belt  which  passes  through  a  160°F.  room  about 
100  ft.  long,  the  flaked  product  being  scraped  off  the  belt  after  sufficient 
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drjdng.  The  dried-egg  product  must  be  in  storage  at  a  temperature 
between  40  and  50°F. 

In  the  spray  method,  whether  dried  yolk,  dried  white,  or  dried  whole- 
egg  mixture  is  being  prepared,  the  product  is  sprayed  under  1,500  to 
3,000  lb.  pressure  through  nozzles  into  a  chamber  kept  at  about  150°F. 
The  moisture  being  removed,  the  dried  product  falls  to  the  floor  as  a  pow¬ 
der,  which  can  be  kept  in  dry  storage  for  approximately  one  year  without 
refrigeration.  There  has  recently  been  developed  in  the  United  States 
an  improved  new  drying  process,  most  of  the  experimental  work  appar¬ 
ently  having  been  devoted  to  the  manufacture  of  dried  white.  The  liquid 
egg  whites  are  pumped  under  pressure  and  are  atomized  by  a  nozzle, 
the  spray  encountering  a  blast  of  warm  air  in  a  conical-shaped  chamber 
at  the  bottom  of  which  there  is  a  suction  machine  which  draws  the  powder 
through  into  a  hopper  where  it  is  barreled.  This  dried  egg  white  is  sold 
to  the  bakery  trade  as  a  mixed  meringue  powder,  all  ingredients  having 
been  added  except  sugar,  water,  and  flavoring. 

Table  53. — Approximate  Conversion  Equivalents  for  Eggs  and  Egg  Products1 


(U.  S.  Department  of  Agriculture) 

1  Lb.  of  Is  Equivalent  To 

Frozen  or  liquid  egg.  .  10.2  U.  S.  eggs  in  shell 

Dried  whole  egg .  3.6  lb.  liquid  whole  egg2 

Dried  yolk .  2.25  lb.  liquid  yolk2 

Dried  albumen .  7.3  lb.  liquid  albumen2 

Liquid  whole  egg.  ...  0.55  lb.  liquid  white  plus  0.45  lb.  liquid  yolk3 

Dried  whole  egg .  0.25  lb.  dried  white  plus  0.75  lb.  dried  yolk3 


1  In  commercial  separation  of  white  and  yolk  a  part  of  the  white  adheres  to  the  shell  and  also  to  the 
yolk,  hence  is  not  a  perfect  separation.  Owing  to  variation  in  such  factors  as  egg  weights  and  the  like, 
the  data  given  should  not  be  used  as  a  basis  for  calculating  formulas  for  the  production  of  manufactured 
egg-food  products  to  conform  with  the  minimum  requirements  of  existing  legal  standards  for  such 
products. 

2  Tariff  Information  Surveys,  G.ll — Eggs  and  egg  products,  U.  S.  Tariff  Commission. 

3  Industry  sources. 

In  the  pan-drying  method  the  egg  white  is  poured  through  a  sieve 
into  wooden  casks  where  fermentation  is  allowed  to  take  place,  after 
which  the  liquid  product  is  dried  on  trays  m  a  room  in  which  the  tempera¬ 
ture  may  vary  from  time  to  time  considerably  above  or  below  120°F.,  the 
length  of  the  drying  period  depending  somewhat  upon  the  temperatures 
maintained.  It  is  then  removed  and  placed  on  tables  to  cure  for  24  hr., 
after  which  it  is  ready  to  be  packed  for  marketing. 

Officials  of  the  U.  S.  Department  of  Agriculture  have  shown  that  the 
scum  that  normally  occurs  in  the  drying  process  may  be  recovered  for 
drying  by  the  addition  of  citric  acid  and  an  acid  solution  of  the  enzyme 
pepsin. 

It  has  been  determined  that  30  doz.  eggs  of  normal  size  produce  on 
the  average  9  to  10  lb.  of  dried  whole  egg,  or  7  to  7.5  lb.  of  dried  yolk 
and  2  to  2.5  lb.  of  dried  white. 
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GRADING  EGGS  IN  THE  SHELL 

It  has  been  shown  previously  that  all  eggs  as  they  are  sold  by  pro¬ 
ducers  are  not  of  the  same  quality,  but  even  if  they  were  they  would  show 
differences  before  they  reached  the  consumer.  Differences  in  methods 
of  handling  eggs  and  different  lengths  of  time  for  various  lots  of  eggs  to 
reach  the  various  markets  produce  changes  in  their  quality.  In  order 
to  provide  a  practical  basis  for  reporting  prices  and  for  buying  and  selling 
according  to  quality,  the  various  markets  have  established  certain  grade 
standards  based  on  quality.  The  particular  grade  into  which  a  particular 
lot  of  eggs  is  classified  depends  in  a  large  measure  upon  the  extent  to  which 
their  original  quality  has  been  preserved. 

The  establishment  of  grades  of  eggs  is  based  upon  differences  that 
exist  with  respect  to  their  exterior  and  interior  quality.  The  different 
characteristics  determining  exterior  quality  that  are  taken  into  considera¬ 
tion  in  grading  eggs  include:  cleanliness  of  shell,  soundness  of  shell,  size, 
color,  and  shape.  The  different  characteristics  determining  interior 
quality  that  are  taken  into  consideration  in  grading  eggs  include:  the 
condition  of  the  yolk,  the  condition  of  the  white,  and  the  size  and  condi¬ 
tion  of  the  air  cell.  By  far  the  most  important  of  these  various  charac¬ 
teristics  that  determine  grade  are  the  condition  of  the  yolk  and  the 
condition  of  the  white,  although  cleanliness  of  shell  is  of  paramount 
importance  in  enabling  eggs  to  qualify  for  any  of  the  better  grades. 

In  actual  practice  there  are  many  different  grades  of  eggs,  including 
those  established  by  wholesalers,  jobbers,  and  retailers;  but  lack  of  space 
precludes  their  discussion  in  this  book,  which  is  designed  primarily  for 
producers.  From  time  to  time  efforts  have  been  made  to  adopt  uniform 
standards  of  grading  that  would  apply  to  all  eggs  marketed  in  various 
sections  of  the  country.  The  Bureau  of  Agricultural  Economics  of  the 
U.  S.  Department  of  Agriculture  has  established  standards  for  individual 
qualities  of  eggs  that  might  well  serve  in  the  adoption  of  any  grading 
system.  As  a  matter  of  fact,  many  state  grades  have  been  adopted 
based  on  the  federal  standards.  These  standards  for  individual  eggs 
are  also  used  in  setting  up  wholesale  grades,  in  each  of  which  there  must  be 
a  certain  minimum  percentage  of  eggs  that  possess  the  individual  qualities 
characteristic  of  the  particular  grade.  The  standards  for  individual 
qualities  will  undoubtedly  continue  to  serve  as  the  basis  for  most  of  the 
grading  regulations  that  may  be  adopted  from  time  to  time  and  are 
believed  to  constitute  a  suitable  basis  for  the  development  of  a  national 
program  of  egg  standardization. 

U.  S.  Standards  for  Eggs  with  Clean,  Sound  Shells. — Standards  are 
provided  for  four  qualities  of  clean,  sound-shell,  edible  eggs,  viz.,  U.  S. 
Special,  U.  S.  Extra,  U.  S.  Standard,  and  U.  S.  Trade. 
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Specifications  for  U.  S.  Special. 

The  shell  must  be  clean,  sound,  and  normal. 

The  air  cell  must  not  exceed  in.  in  depth  and  must  be  regular. 

The  yolk  must  be  well  centered,  its  outline  indistinct,  and  it  must  be 
free  from  visible  germ  development  and  other  defects  or  blemishes. 

The  white  must  be  firm  and  clear. 

Specifications  for  U.  S.  Extra. 

The  shell  must  be  clean,  sound,  and  normal. 

The  air  cell  must  not  exceed  %  in.  in  depth  and  must  be  regular  except 
in  the  retail  grade  of  U.  S.  Extra,  when  it  may  be  slightly  tremulous. 

The  yolk  must  be  fairly  well  centered,  and  its  outline  may  be  mod¬ 
erately  defined.  It  may  be  slightly  mobile  but  must  be  free  from  visible 
germ  development  and  practically  free  from  other  defects  or  blemishes. 

The  white  must  be  firm  and  clear. 

Specifications  for  U.  S.  Standard. 

The  shell  must  be  clean  and  sound  but  may  be  slightly  abnormal. 

The  air  cell  must  not  exceed  Y  in*  in  depth  and  may  show  movement 
not  in  excess  of  Y  in. 

The  yolk  outline  may  be  well  defined.  The  yolk  may  be  mobile  and 
may  show  slightly  visible  germ  development  and  other  definite  but  not 
serious  defects. 

The  white  must  be  reasonably  firm  and  clear. 

Specifications  for  U.  S.  Trade. 

The  shell  must  be  clean  and  sound  but  may  be  abnormal. 

The  air  cell  may  be  over  %  in.  in  depth,  may  show  movement  in 
excess  of  Y  in.,  and  may  be  bubbly  or  free. 

The  yolk  may  be  plainly  visible.  It  may  be  freely  mobile  and  cast 
a  dark  shadow.  It  may  show  clearly  visible  germ  development  but  no 
blood.  It  may  show  other  serious  defects. 

The  white  may  be  weak  and  watery. 

Standards  for  Eggs  with  Dirty  Sound  Shells. — Standards  are  pro¬ 
vided  for  three  qualities  of  dirty  sound-shell  eggs,  viz.,  U.  S.  Extra  Dirty, 
U.  S.  Standard  Dirty,  and  U.  S.  Trade  Dirty.  The  specifications  for 
dirty-shell  eggs  of  each  of  these  three  qualities  are  the  same  as  for  the 
corresponding  quality  of  clean-shell  eggs  except  that  the  shell  may  be 
only  slightly  stained  or  slightly  dirty  in  the  U.  S.  Extra  Dirty,  and  it  may 
be  stained  or  dirty  in  the  U.  S.  Standard  Dirty  and  the  U.  S.  Trade  Dirty. 

Standards  for  Eggs  with  Checked  or  Cracked  Shells. — One  standard 
is  provided  for  eggs  with  checked  or  cracked  shells,  viz.,  U.  S.  Check. 
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The  specifications  for  eggs  of  this  quality  are  the  same  as  for  clean 
sound-shell  eggs  of  the  quality  of  U.  S.  Trade  or  better  except  that  the 
shell  may  be  checked  or  cracked  but  not  leaking,  and  it  may  be  clean, 
stained,  or  dirty. 


Fig.  171. — The  “  broken  out”  appearance  of  four  grades  of  eggs.  Upper  left,  equivalent 
to  U.  S.  Specials;  upper  right,  equivalent  to  U.  S.  Extras;  Lower  left,  equivalent  to  U.  S. 
Standards;  Lower  right,  equivalent  to  U.  S.  Trades.  Note  the  marked  difference  in  the 
“standing-up”  quality  of  the  yolk  and  the  white  among  the  eggs  of  the  different  grades. 
( Van  Wagenen.) 


Terms  Descriptive  of  Shell. — Certain  terms  are  employed  for  the 
purpose  of  distinguishing  the  different  kinds  and  conditions  of  shell  that 
are  usually  encountered. 

1.  Clean.  A  clean  shell  is  one  that  is  free  from  foreign  matter  and 
from  stains  or  discolorations.  Eggs  that  show  traces  of  processing  oil 
on  the  shell  are  considered  clean  when  classified  as  processed  or  shell- 
treated  eggs  unless  the  shell  is  otherwise  soiled. 
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2.  Sound.  A  sound  shell  is  one  that  is  free  from  checks,  cracks,  or 
blind  checks. 

3.  Normal.  A  normal  shell  is  one  that  approximates  the  usual  shape 
and  that  is  of  good,  even  texture  and  strength  and  free  from  distinct 
ridges,  rough  areas,  thin  spots,  or  other  conditions  not  common  to  good 
shells. 

4.  Slightly  abnormal.  A  slightly  abnormal  shell  is  one  that  may  be 
somewhat  unusual  in  shape  or  somewhat  faulty  in  texture  or  strength. 
It  may  also  show  distinct  but  not  pronounced  ridges,  thin  spots,  or  rough 
areas. 

5.  Abnormal.  An  abnormal  shell  is  one  that  may  be  decidedly  mis¬ 
shapen  or  decidedly  faulty  in  texture  or  strength  or  may  show  pronounced 
ridges,  rough  spots,  or  other  defects. 

Terms  Descriptive  of  Air  Cell. — Since  many  variations  in  air  cell  are 
encountered  in  candling  eggs,  certain  terms  are  employed  to  designate 
each  of  the  different  kinds  of  air  cells  found. 

6.  Depth  of  air  cell.  The  depth  of  the  air  cell  when  in  its  natural 
position  is  the  distance  from  the  end  of  the  egg  to  the  plane  passing 
through  the  egg  at  the  lower  edge  of  the  air  cell  where  it  touches  the 
shell. 

7.  Regular.  A  regular  air  cell  is  one  that  shows  a  practically  even, 
smooth  outline  (without  any  movement)  when  the  egg  is  twirled. 

8.  Slightly  tremulous.  A  slightly  tremulous  air  cell  is  one  that  retains 
a  practically  fixed  position  in  the  egg  but  shows  a  slight  movement,  not 
to  exceed  in.,  at  any  one  point  where  its  lower  edge  touches  the  shell. 

9.  Movement  not  in  excess  of  in.  An  air  cell  that  shows  a  move¬ 
ment  at  one  or  more  points  where  its  lower  edge  touches  the  shell  but  not 
in  excess  of  in. 

10.  Movement  in  excess  of  3d2  in.  An  air  cell  that  shows  a  movement 
at  one  or  more  points  where  its  lower  edge  touches  the  shell  which  may 
be  in  excess  of  in. 

11.  Bubbly.  A  bubbly  air  cell  is  one  that  has  several  rather  small 
bubbles  within  or  beneath  it  which  give  it  a  bubbly  appearance. 

12.  Free.  A  free  air  cell  is  one  that  moves  freely  about  in  the  egg. 
Such  an  air  cell  will  seek  the  uppermost  point  in  the  egg,  no  matter  in 
what  position  it  may  be  turned. 

Terms  Descriptive  of  Yolk. — Eggs  vary  a  great  deal  with  respect  to 
the  color  and  condition  of  the  yolk,  the  yolk  shadow  cast,  and  other 
matters,  so  that  certain  terms  are  necessary  to  designate  each  kind  of  yolk 
encountered  in  candling. 

13.  Well  centered.  A  yolk  that  occupies  the  center  of  the  egg  without 
much  movement  from  that  position  when  the  egg  is  twirled  is  said  to  be 
well  centered. 


418 


POULTRY  HUSBANDRY 


14.  Fairly  well  centered.  A  fairly  well-centered  yolk  is  one  that 
occupies  the  center  of  the  egg  but  that  may  show  a  moderate  movement 
from  that  position  when  the  egg  is  twirled. 

15.  Plainly  visible.  A  plainly  visible  yolk  or  yolk  shadow  is  one  that 
has  a  plainly  discernible  outline  before  the  candle  and  may  appear  as  a 
dark  shadow. 

16.  Dark  shadow.  A  dark  yolk  shadow  results  when  a  freely  mobile 
yolk  closely  approaches  the  shell,  when  twirled  before  the  candle,  and  is 
distinctly  discernible  as  a  dark  shadow. 

17.  Outline  indistinct.  A  yolk  or  yolk  shadow,  the  outline  of  which 
is  not  clearly  discernible  when  viewed  before  the  candle. 

18.  Outline  moderately  defined.  A  yolk  or  yolk  shadow,  the  outline 
of  which  may  be  seen  but  is  not  well  defined  before  the  candle. 

19.  Outline  well  defined.  A  yolk  or  yolk  shadow,  the  outline  of  which 
is  plainly  discernible  before  the  candle. 

20.  Motion  sluggish.  A  yolk  that  moves  slowly  and  does  not  move 
far  from  its  normal  position  in  the  center  when  the  egg  is  twirled. 

21.  Slightly  mobile.  A  yolk  that  moves  somewhat  but  not  freely 
from  the  center  of  the  egg  when  it  is  twirled. 

22.  Mobile.  A  mobile  yolk  is  one  that  shows  considerable  movement 
away  from  the  center  of  the  egg  when  it  is  twirled  before  the  candle  and 
comes  sufficiently  close  to  the  shell  to  cast  a  decidedly  dark  shadow. 

23.  Freely  mobile.  A  freely  mobile  yolk  is  one  that  shows  a  wide 
movement  or  swing  away  from  the  center  of  the  egg  when  it  is  twirled 
before  the  candle  and  comes  sufficiently  close  to  the  shell  to  cast  a  decid¬ 
edly  dark  shadow. 

24.  Practically  free  from  other  defects  or  blemishes.  A  yolk  that 
may  show  a  slightly  mottled  condition  but  is  otherwise  unblemished. 

25.  Other  definite  but  not  serious  defects.  A  yolk  that  is  mottled, 
is  slightly  spread,  or  that  shows  moderate  heat  spots. 

26.  Other  serious  defects.  A  yolk  that  is  decidedly  spread  or  weak 
or  that  shows  well-developed  heat  spots  or  other  spots  or  areas  of  a  charac¬ 
ter  that  do  not  render  the  egg  inedible. 

27.  Free  from  visible  germ  development.  No  visible  development  of 
the  germ  indicates  that  there  has  been  no  development  of  the  germ  spot 
or,  if  slight  development  has  occurred,  that  it  has  not  progressed  to  the 
stage  where  it  can  be  distinguished  by  candling. 

28.  Slightly  visible  germ  development.  Slightly  visible  development 
of  the  germ  indicates  that  there  has  been  some  development  of  the  germ 
and  that  it  has  progressed  to  the  stage  where  it  is  visible  before  the  candle 
as  a  deeper  colored  area  on  the  yolk. 

29.  Clearly  visible  germ  development.  Clearly  visible  development 
of  the  germ  without  blood  showing  is  a  condition  that  indicates  that  the 


EGG-MARKETING  PROBLEMS 


419 


development  of  the  germ  has  progressed  to  a  stage  where  it  is  plainly 
visible  before  the  candle  as  a  deeper  colored  area  or  as  a  bubble  or  spot  on 
the  yolk. 

30.  No  blood.  As  used  in  connection  with  the  condition  of  the  germ, 
the  term  refers  to  blood,  the  result  of  embryo  development,  that  shows 
before  the  candle.  It  does  not  refer  to  blood  spots  that  occur  in  fresh 
eggs  not  due  to  embryo  development. 

Terms  Descriptive  of  the  White. — Certain  terms  are  used  for  the 
purpose  of  classifying  eggs  according  to  the  kind  and  condition  of  white 
that  they  exhibit  when  candled. 

31.  Firm.  A  firm  white  is  one  that  is  sufficiently  thick  or  viscous 
to  permit  but  little  movement  of  the  yolk  from  the  center  of  the  egg.  A 
firm  white  is  one  of  the  principal  causes  of  an  indistinct  or  a  moderately 
defined  yolk  outline. 

32.  Reasonably  firm.  A  reasonably  firm  white  is  one  that  has  a 
weakened  viscous  condition  and  thereby  allows  the  yolk  to  move  more 
freely  from  its  normal  position  in  the  center  of  the  egg  and  to  approach 
the  shell  more  closely  when  the  egg  is  twirled.  When  the  white  is  reason¬ 
ably  firm,  the  outline  of  the  yolk  may  be  well  defined,  but  the  yolk  does 
not  approach  the  shell  closely  enough  to  cast  a  dark  shadow. 

33.  Weak  and  watery.  A  weak  and  watery  white  is  one  that  is  thin 
and  generally  lacking  in  viscosity  and  therefore  permits  the  yolk  to  move 
freely  from  its  normal  position  in  the  center  of  the  egg  and  closely 
approach  the  shell  when  the  egg  is  twirled.  A  weak  and  watery  white  is 
indicated  by  the  free  movement  and  the  decidedly  dark  shadow  of  the 
yolk  as  the  egg  is  twirled  before  the  candle.  Eggs  with  weak  and  watery 
whites  often  develop  a  tremulous,  bubbly,  or  free  air  cell. 

34.  Clear.  A  clear  white  is  one  that  is  free  from  discoloration  or 
from  any  foreign  bodies  which,  before  the  candle,  appear  as  dark 
bodies.  Prominent  chalazas  should  not  be  confused  with  foreign 
bodies. 

Inedible  Eggs. — Under  the  Federal  Food  and  Drugs  Act,  eggs  that 
are  filthy,  putrid,  or  decomposed  in  whole  or  in  part  are  adulterated. 
The  following  are  regarded  as  inedible  eggs:  black  rots;  white  rots;  mixed 
rots  (addled  eggs);  sour  eggs;  eggs  with  green  whites;  eggs  with  stuck 
yolks;  moldy  eggs;  eggs  showing  blood  rings;  eggs  containing  embryos; 
and  any  other  eggs  that  are  filthy,  decomposed,  or  putrid. 

Inedible  or  adulterated  eggs  are  not  considered  as  conforming  to 
the  requirements  of  any  of  the  Official  U.  S.  Standards  for  Individual 
Eggs. 

Eggs  containing  small  meat  spots  or  blood  clots  of  such  a  character 
that  they  can  be  readily  removed  are  considered  edible  but  not  of  a 
quality  higher  than  U.  S.  Trade,  U.  S.  Trade  Dirty,  or  U.  S.  Check, 
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MARKET  TERMS  FOR  PRICE  QUOTATIONS 

Although  the  federal  standards  for  individual  eggs  serve  as  the  basis 
on  which  many  of  the  state  and  other  recognized  grades  of  eggs  have  been 
established,  there  are  certain  terms  that  do  not  appear  in  the  definitions 
of  these  grades  that  are  used  in  quoting  prices  which  should  be  familiar  to 
producers  and  all  others  interested  in  eggs. 

Fresh  eggs  are  those  which  have  not  been  delayed  in  transit  or  held 
to  prevent  them  from  qualifying  on  the  basis  of  quality  as  equal  or  supe¬ 
rior  to  the  quality  represented  in  the  grade  of  U.  S.  Extras. 

Hennery  eggs  is  a  term  used  by  the  trade  to  designate  eggs  obtained 
from  commercial  poultry  plants  or  farms  where  poultry  is  given  special 
consideration. 

Current  receipts  constitute  eggs  as  they  are  purchased  from  the  pro¬ 
ducer  without  any  selection  or  grading  and  may  contain  small  and  dirty 
eggs  and  even  rots. 

Rehandled  receipts  are  current  receipts  that  have  been  sorted,  the 
poorest  quality  eggs  having  been  eliminated. 

Held  eggs  are  understood  by  the  trade  to  mean  eggs  that  have  been 
delayed  in  transit  to  such  an  extent  that  they  are  of  lower  quality  than 
fresh  but  have  not  been  held  long  enough  in  refrigeration  to  be  classified 
as  “cold  storage’7  or  “refrigerator.” 

Cold-storage  or  refrigerator  eggs  are  those  which  have  been  held  in 
cold  storage  at  a  temperature  of  45°F.  or  lower  for  30  or  more  days. 

Undergrades  include  all  eggs  below  the  best  and  may  be  checks,  dirties, 
and  others. 

MARKETING  CONTAINERS  FOR  EGGS  IN  THE  SHELL 

Eggs  in  the  shell  are  marketed  for  the  most  part  in  cartons,  parcel- 
post  containers,  and  egg  cases,  the  last  being  by  far  the  most  important. 
These  containers  should  be  well  made  to  avoid  breakage  of  eggs  and  at  the 
same  time  light  enough  to  avoid  excessive  shipping  charges. 

Cartons. — Cartons  are  pasteboard  containers  holding  3^2  or  1  doz. 
eggs,  in  the  latter  case  being  made  in  two  styles,  one  holding  three  rows 
of  four  eggs  each,  and  the  other  holding  two  rows  of  six  eggs  each.  Car¬ 
tons  are  used  in  selling  eggs  direct  from  the  producer  to  the  consumer  and 
by  the  retail  trade.  Since  the  carton  of  two  rows  of  six  eggs  each  fits 
into  the  30-doz.  egg  case,  it  is  used  much  more  frequently  than  the  other 
style.  Cartons  holding  6  eggs  are  sometimes  used. 

Parcel-post  Containers. — Parcel-post  containers  are  made  in  various 
styles  and  sizes  to  hold  from  1  doz.  to  several  dozen  eggs.  They  should 
be  durable  in  construction  but  light  enough  to  be  suitable  for  the  shipment 
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of  eggs  by  express.  Corrugated  cardboard  and  fiber  board  are  satisfac¬ 
tory  materials  for  making-parcel  post  containers. 

Standard  Case. — The  standard  egg  case  is  a  30-doz. -egg-capacity 
case,  with  a  partition  in  the  center  so  that  each  half  of  the  case  contains 
15  doz.  eggs.  The  cases  are  light  and  durable,  are  easily  handled,  and 
because  of  their  light  weight  do  not  add  much  to  the  total  costs  of  ship¬ 
ping.  Cottonwood  and  spruce  are  two  of  the  most  popular  woods  used 
in  their  make.  In  packing  eggs  for  shipment  the  case  should  be  thor¬ 
oughly  nailed  with  four-penny  cement-coated  egg-case  nails. 


Fig.  172. — The  30-doz-egg  case  should  be  of  stout  construction.  Eggs  of  superior  quality 
packed  uniformily  always  command  a  premium.  ( Keyes  Fiber  Co.) 


Frequently  the  cases  are  branded  on  the  end  of  the  case  with  a  stamped 
or  printed  brand  of  the  eggs  contained  therein. 

In  packing  eggs  in  the  30-doz. -egg  case  it  is  advisable  to  use  egg-case 
liners,  which  should  be  moistureproof  and  impervious.  The  use  of  these 
egg-case  liners  prevents  the  absorption  of  odors  and  flavors,  retards 
evaporation  of  the  water  content  of  the  eggs,  and  retains  carbon  dioxide, 
thus  tending  to  prevent  deterioration  in  the  quality  of  the  eggs. 

The  packing  material  used  for  packing  eggs  in  the  30-doz.  case  include 
fillers  and  flats  or  the  filler  flat.  These  are  manufactured  in  a  variety  of 
styles  and  designs,  including  the  honeycomb  filler  with  flats,  embossed 
flats  in  which  the  embossed  upper  surface  provides  a  center  cushion  to 
support  the  egg,  and  filler  flats  which  carry  eggs  without  breakage. 
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In  packing  eggs  in  the  30-doz.  case  care  should  be  exercised  to  secure 
uniformity,  so  that  the  quality  of  the  eggs  at  the  bottom  of  the  case  will  be 
just  as  good  as  that  of  the  ones  in  the  top  of  the  case.  The  eggs  should 
be  placed  in  the  case  carefully  to  prevent  breakage,  long  eggs  should  be 
tilted  slightly  to  prevent  the  cracking  of  the  shell,  and  all  eggs  should  be 
packed  with  the  large  end  uppermost.  Uniformity  of  pack  increases  the 
chances  of  commanding  the  highest  prices. 

METHODS  OF  MARKETING  EGGS 

There  are  sections  of  the  United  States  where  eggs  are  produced  in 
excess  of  local  requirements  at  all  times  of  the  year.  The  Middle  West 
contains  about  50  per  cent  of  the  total  human  population  and  about  75  per 
cent  of  the  total  poultry  population.  Thus  there  is  a  great  surplus  of 
eggs  produced  in  those  sections  of  the  country  where  feed  is  the  cheapest. 
At  the  same  time,  there  are  highly  specialized  commercial  poultry  sections 
on  the  Atlantic  and  Pacific  coasts  which  produce  surpluses  beyond  their 
local  requirements,  the  surpluses  being  shipped  to  the  larger  consuming 
markets. 

The  most  important  egg-consuming  centers  are  located  in  the  highly 
industrialized  sections  of  the  country.  The  smaller  cities  throughout  all 
parts  of  the  country  secure  most  of  their  annual  requirements  in  eggs  from 
the  surrounding  districts,  but  the  larger  ones  must  rely  upon  the  more 
important  producing  areas  for  their  supply.  The  biggest  problem  in  the 
transportation  of  eggs,  therefore,  is  one  of  transporting  the  surpluses 
from  the  various  producing  areas  to  the  largest  consuming  centers. 

The  methods  of  marketing  eggs  from  the  producer  to  the  consumer  are 
many  and  varied,  depending  largely  upon  the  number  of  channels  through 
which  the  eggs  are  obliged  to  pass  before  reaching  the  consumer.  The 
method  of  marketing  employed  affects  the  quality  of  the  eggs  as  they 
reach  the  consumer  and  the  price  paid  the  producer.  The  more  direct 
the  method  of  marketing  the  less  the  eggs  have  to  be  handled,  the  less  the 
delay,  and  usually  the  less  the  cost  of  marketing. 

Direct  to  Consumer. — Many  producers  market  their  eggs  direct  to  the 
consumer  or  to  a  hotel,  restaurant,  or  retailer,  this  method  being  followed 
quite  extensively  on  the  part  of  commercial  poultrymen  in  the  vicinity 
of  good  markets.  Eggs  are  sometimes  delivered  by  truck  or  shipped  by 
parcel  post,  express,  or  freight.  The  two  important  factors  that  deter¬ 
mine  whether  or  not  eggs  can  be  sold  by  the  direct  method  are  the  ability 
of  the  producer  to  provide  a  regular  supply  of  high-quality  eggs  from 
week  to  week  and  the  costs  of  delivering  or  shipping. 

To  Country  Storekeeper. — Many  producers  sell  their  eggs  to  the 
country  storekeeper  or  exchange  the  eggs  for  goods.  This  method,  how¬ 
ever,  is  gradually  being  replaced  by  others  more  satisfactory.  The 
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country  storekeeper  is  often  not  in  a  position  to  hold  his  eggs  under  such 
conditions  as  to  preserve  the  superior  quality  desirable  in  market  eggs. 
Moreover,  most  storekeepers  do  not  differentiate  between  good  and  poor 
quality  in  eggs  but  pay  producers  the  same  price  for  all  eggs  received  and 
thus  offer  the  producer  no  incentive  to  produce  high  quality. 

Hucksters. — In  some  sections  of  the  country  hucksters  gather  eggs 
from  farm  to  farm,  a  method  of  marketing  having  an  advantage  in  being 
regular  as  compared  with  that  of  producers  taking  their  eggs  to  the  coun¬ 
try  store  any  time  they  wish.  Selling  eggs  to  hucksters,  however,  has 
the  disadvantage  that  oftentimes  no  premium  is  paid  for  quality.  More- 


Fig.  173. — Handling  and  packing  eggs  in  a  cool  room  tend  to  preserve  egg  quality.  ( East¬ 

ern  Division,  Armour  &  Co.) 


over,  conditions  under  which  many  hucksters  transport  eggs  about  the 
country  tend  to  hasten  their  deterioration. 

Local  Buyers. — There  are  local  egg  buyers  located  in  small  towns  in 
practically  all  parts  of  the  country  whose  business  it  is  to  buy  eggs  from 
local  sources  of  supply,  collect  them  in  their  receiving  plants,  and  pack 
them  for  shipment.  Since  the  average  shipper  does  a  relatively  large 
volume  of  business,  he  is  able  to  buy  eggs  on  a  graded  basis  and  thus 
provide  an  incentive  to  the  producer  to  produce  good-quality  eggs. 
Unfortunately,  however,  many  local  egg  buyers  do  not  buy  eggs  on  a 
graded  basis. 

Packing  Plants. — Throughout  the  Middle  West  are  located  large  egg 
and  poultry  packers  who  buy  eggs  from  producers,  storekeepers,  huck- 
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sters,  and  local  buyers.  Some  packing-plant  operators  use  their  own 
trucks,  some  of  which  are  insulated  and  carry  ice  and  are  equipped  with 
electric  fans,  for  collecting  eggs  from  producers.  The  egg-  and  poultry¬ 
packing  plant  thus  constitutes  the  principal  concentration  agency  of  a 
large  egg-producing  area.  The  eggs  are  packed  and  are  then  usually 
shipped  in  carlots  to  the  principal  receiving  markets,  a  carload  containing 
about  400  cases.  Cars  from  the  Pacific  Coast  states  usually  contain 
600  cases.  The  cars  have  facilities  for  ice  packing  or  refrigeration,  pre¬ 
cooling  before  loading  being  very  necessary.  Because  the  egg  and  poultry 
packer  buys  eggs  in  such  large  quantities,  he  is  able  to  buy  on  a  graded 
basis,  though  very  often  he  does  not  do  so.  Buying  eggs  from  the  pro¬ 
ducer  on  a  graded  basis  stimulates  the  production  of  a  higher  grade  of 
eggs  than  is  otherwise  the  case. 

Jobber  or  Wholesaler. — Certain  producers  ship  their  eggs  direct  to 
the  jobber  or  wholesaler  located  at  the  terminal  markets  in  the  larger 
cities.  Wholesale  receivers  consist  of  commission  merchants  and  whole¬ 
sale  dealers,  the  commission  merchant  operating  on  a  commission  basis, 
whereas  the  wholesale  dealer  buys  the  eggs  and  then  sells  them,  taking  a 
chance  on  a  margin  of  profit.  The  producer  who  sells  direct  to  the  jobber 
or  wholesale  receiver  is  saved  the  trouble  of  establishing  and  maintaining 
contacts  with  the  consuming  trade,  but  this  method  of  marketing  some¬ 
times  returns  less  to  the  producer  than  other  methods. 

Cooperative  Marketing. — In  various  parts  of  the  United  States 
associations  of  producers  have  been  formed  for  the  purpose  of  marketing 
the  eggs  of  their  members.  Some  of  the  earliest  forms  of  cooperative 
egg  marketing  were  egg  circles  organized  in  local  communities,  but  in 
recent  years  these  egg  circles  have  been  replaced  to  a  considerable  extent 
by  larger  cooperative  units.  Still  more  recently  the  cooperative  move¬ 
ment  has  been  developed  along  the  lines  of  egg  auctions. 

Cooperative  marketing  organizations  must  comply  with  certain 
government  regulations  pertaining  to  membership  and  management,  but 
they  enjoy  advantages  with  respect  to  the  freedom  from  certain  taxes. 

The  ability  of  a  cooperative  egg-marketing  organization  to  operate 
efficiently  and  successfully  depends  upon  a  number  of  conditions,  includ¬ 
ing:  (1)  the  need  for  the  development  of  a  cooperative  marketing  method, 
(2)  a  sufficient  volume  of  eggs  and  a  sufficient  number  of  cooperators  to 
carry  the  necessary  overhead  without  undue  expense  and  to  permit  of 
securing  the  most  desirable  outlets  for  the  eggs,  (3)  concentrated  produc¬ 
tion  to  reduce  the  costs  of  handling  to  the  minimum,  (4)  efficient  manage¬ 
ment,  and  (5)  a  type  of  organization  that  is  able  to  stand  the  stress  and 
strain  of  the  competitive  marketing  system. 

Some  of  the  largest  and  most  successful  egg-marketing  cooperatives 
are  those  located  on  the  Pacific  Coast,  in  the  Rocky  Mountain  states,  and 
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in  the  Middle  West.  During  recent  years  these  cooperative  associations 
have  marketed  upward  of  5,000,000  cases  of  eggs  annually. 

Illustrative  of  the  service  rendered  to  poultry  producers  by  a  sound 
cooperative  marketing  organization  are  the  results  secured  by  the  Utah 
Poultry  Producers  Cooperative  Association,  one  of  the  largest  farmers’ 
cooperative  marketing  organizations  in  the  United  States  from  the  stand¬ 
point  of  volume  of  eggs  sold.  Incorporated  as  a  cooperative  on  a  state¬ 
wide  basis  in  1923,  this  association  has  developed  from  3  small  receiving 
stations  to  20  egg-receiving  and  feed-handling  stations  and  7  additional 
outlets  handling  feed  and  supplies  only. 

Members  of  the  association  sign  contracts  running  for  5  and  10  years, 
respectively.  Besides  selling  eggs,  the  cooperative  also  sells  poultry,  buys 
feed  and  supplies  for  the  producers  to  whom  it  sells  at  cost,  and  renders 
other  valuable  services,  including  group  life  and  fire  insurance.  The 
association  has  benefited  its  members  very  materially  through  securing 
higher  prices  for  eggs  and  poultry  than  could  otherwise  have  been  obtained 
and  by  securing  feed  at  lower  costs  than  would  otherwise  have  been 
possible.  Its  outstanding  achievement  has  been  to  encourage  the  pro¬ 
duction  of  high-quality  eggs,  which  have  often  commanded  the  highest 
prices  on  the  New  York,  Los  Angeles,  and  San  Francisco  markets,  the 
bulk  of  the  eggs  sold  by  the  association  being  shipped  to  New  York  City. 
The  eggs  are  sold  on  a  graded  basis.  The  fact  that  eggs  are  produced  in 
Utah,  shipped  practically  across  the  continent,  and  compete  successfully 
with  eggs  produced  in  areas  adjacent  to  the  New  York  City  market  is  a 
glowing  tribute  of  the  effectiveness  of  cooperation  conducted  on  a  sound 
basis. 

In  some  respects  the  most  interesting  development  in  cooperative 
egg  marketing  that  has  taken  place  in  the  United  States  during  the  past 
decade  has  been  the  formation  of  country-point  egg  auctions.  They  have 
enjoyed  a  relatively  rapid  growth,  are  located  for  the  most  part  in  the 
northeastern  states,  and  have  been  established  mostly  in  areas  of  com¬ 
paratively  heavy  egg  production  which  are  within  easy  reach  of  the  large 
consuming  centers.  The  auction  method  of  selling  enables  selling  to  be 
transacted  at  relatively  low  overhead  costs  and  assures  the  securing  of 
good  prices  largely  because  competition  is  developed  among  buyers 
attending  the  auction  for  the  purpose  of  bidding  on  the  eggs  being  offered. 
The  service  rendered  by  the  auctioneer  is  a  very  important  factor  in  the 
success  of  an  egg  auction.  In  most  instances  the  egg  auctions  have  been 
the  means  of  raising  the  price  level  of  eggs  in  the  district  in  which  the 
auction  is  established. 

The  auction  method  of  selling  eggs  was  apparently  developed  largely 
as  the  result  of  the  competition  on  the  New  York  City  and  other  eastern 
markets  of  the  superior  quality  eggs  produced  by  the  members  of  the 
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Pacific  Coast  and  other  western  cooperative  organizations.  The  funda¬ 
mental  objective  in  the  development  of  the  auction  method  of  selling  was 
to  induce  the  producers  in  the  northeast  to  improve  the  quality  of  their 
eggs  so  that  higher  prices  and  greater  profits  might  be  realized.  In  most 
cases  the  objective  has  been  accomplished  to  a  marked  degree. 

The  eggs  are  brought  to  the  auction-salesroom  where  they  are 
inspected  by  official  inspectors  and  labeled  according  to  grade.  The 
prospective  buyer,  therefore,  has  confidence  concerning  the  quality  of 
eggs  on  which  he  wishes  to  bid.  The  grades  set  up  by  the  egg  auction 
follow  the  federal  standards  closely.  The  concentration  and  grading  of 
large  volumes  of  relatively  high-quality  eggs  at  central  points  has  made 
possible  the  development  of  an  efficient  and  orderly  marketing  system 
combined  with  low  overhead  costs. 

The  success  achieved  by  the  auction  method  of  selling  has  been 
accounted  for  by  three  sets  of  conditions  existing  in  the  area  where  the 
auction  has  been  developed:  (1)  a  relatively  large  volume  of  eggs  pro¬ 
duced  within  a  small  radius,  (2)  relative  nearness  to  large  consuming 
centers,  and  (3)  the  patronage  of  a  large  number  of  buyers.  Under 
these  conditions  the  auction  associations  have  been  able  to  obtain  suffi¬ 
cient  quantities  of  high-quality  eggs  to  attract  buyers  who  have  been 
willing  to  pay  the  premium  that  a  high-quality  product  warrants.  Not 
only  has  the  auction  method  of  selling  enabled  the  producers  who  sell 
through  the  auction  associations  to  obtain  higher  prices  for  their  eggs,  but 
the  average  price  of  all  eggs  produced  in  the  area  has  been  advanced. 
Hucksters  and  local  buyers  who  purchase  eggs  from  nonauction  members 
usually  pay  prices  based  on  the  auction-price  quotations. 

FACTORS  AFFECTING  EGG  PRICES 

The  familiar  law  of  supply  and  demand  applies  in  establishing  prices 
obtained  for  eggs,  although  in  many  cases  there  may  be  deviations  from 
the  application  of  this  law.  Its  application  is  seen  in  its  broadest  sense 
with  respect  to  the  seasonal  trend  in  egg  production;  high  spring  produc¬ 
tion  is  accompanied  by  low  prices,  whereas  low  fall  production  is  accom¬ 
panied  by  relatively  high  prices.  During  recent  years,  however,  the 
extremes  in  spring  and  fall  prices  have  been  reduced  materially  as  the 
result  of  many  modern  tendencies.  Earlier  hatched  pullets,  the  use  of 
artificial  lights  to  stimulate  fall  and  early  winter  production,  the  hatching 
of  pullets  in  the  fall  of  the  year,  improved  laying  ability,  better  methods 
of  feeding  and  housing,  and  holding  eggs  in  cold  storage  all  tend  to  lessen 
the  wide  range  between  spring  and  fall  prices  that  formerly  prevailed. 

There  is  a  definite  seasonal  trend  in  the  demand  for  eggs,  reaching 
a  peak  in  the  spring  during  Lent.  The  consumption  of  eggs  at  that  time 
of  the  year  is  increased  because  of  the  relatively  low  price  and  probably 
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to  some  extent  because  of  the  relatively  high  average  quality  of  the  eggs 
marketed.  The  excessive  heat  of  the  summer  and  the  offerings  of  cold- 
storage  eggs  on  the  markets  during  the  fall  and  winter  months  have  an 
important  bearing  on  the  average  quality  of  eggs  marketed  during  this 
relatively  long  period,  and,  therefore,  the  consumptive  demand  for  eggs  is 
influenced. 

The  law  of  supply  and  demand  operates,  to  some  extent  at  least,  in 
establishing  the  price  of  each  grade  of  eggs  marketed.  As  the  quality  of 
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Fig.  174. — Over  one-half  of  the  annual  egg  crop  is  produced  from  March  to  June,  inclusive, 
this  being  the  season  of  relatively  low  prices.  (U .  S.  Dept.  Agr.) 


eggs  declines  during  the  summer,  the  price  of  the  poorest  eggs  is  depressed, 
not  only  because  there  is  a  lowering  of  quality  but  also  because  there  is  a 
surplus  of  these  poor-quality  eggs.  The  larger  the  volume  of  poor-quality 
eggs  in  relation  to  all  eggs  marketed  the  greater  the  depressing  effect  on 
the  entire  price  structure,  with  the  possible  exception  of  a  few  of  the  very 
highest  quality  grades.  On  the  other  hand,  if  a  portion  of  the  lowest 
grade  eggs  are  inedible  and  consequently  never  reach  the  consumer,  the 
effect  on  the  price  structure  is  influenced  by  that  portion  of  lowest  grade 
eggs  that  reach  the  consumer.  At  the  same  time,  it  should  be  borne  in 
mind  that  the  marketing  of  inedible  eggs  involves  wastage  as  the  result 
of  costs  in  handling  and  transporting  them  up  to  the  time  they  are 
declared  inedible;  this  wastage  adds  to  the  costs  of  marketing  the  edible 
eggs  and  is  borne  by  the  producer,  because  in  the  final  analysis  the  price 
he  receives  for  his  eggs  is  determined  in  large  measure  by  the  average 
price  of  all  eggs  marketed. 
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Many  other  factors  influence  the  price  that  producers  receive  and 
consumers  pay  for  eggs,  including  the  cost  of  grading  and  transporting, 
the  “ apparent”  supplies,  and  the  apparent  consumptive  demands. 
Factors  pertaining  to  costs  in  grading  and  marketing  are  discussed  in  the 
last  chapter  of  this  book.  As  far  as  the  factors  of  apparent  supply  and 
apparent  demand  are  concerned,  it  may  be  said  briefly  that  certain 
situations  arise  that  sometimes  affect  prices  irrespective  of  the  actual 
supply  and  demand  of  eggs.  A  change  of  sentiment  among  buyers  and 

EGGS:  PRICES  RECEIVED  BY  PRODUCERS,  CENTS  PER  DOZEN  ABOVE 
OR  BELOW  10-YEAR  AVERAGE,  15TH  DAY  OF  MONTH 


Fig.  175. — Egg  prices  advanced  rapidly  in  1935  because  poultry  flocks  were  reduced 
by  the  1934  drought  and  egg  production  decreased.  Increased  egg  production  in  1936  and 
1937  caused  prices  to  decline  somewhat  even  though  demand  was  improved.  Of  primary 
importance  is  the  change  in  the  seasonal  egg  prices  shown  in  the  chart  above.  During 
the  years  since  1929,  the  seasonal  price  advance  from  spring  to  winter  has  not  been  as  great 
as  was  the  case  prior  to  1929.  Monthly  egg  prices,  shown  in  relation  to  10-year  monthly 
average  prices,  reveal  this  fact.  The  10-year  average  price  advance  from  spring  to  winter 
is  not  as  great  as  was  the  average  price  advance  for  years  before  1929,  so  winter  prices  in 
those  years  appear  very  high.  For  the  years  following  1929,  the  10-year  average  price 
advance  is  greater  than  the  actual  changes  which  occurred,  and  winter  prices  relative  to  this 
average  are  low.  (U.  S.  Dept.  Agr.) 


sellers  sometimes  lowers  or  raises  prices;  a  feeling  among  traders  that 
supplies  will  not  be  sufficient  to  meet  anticipated  demands  leads  traders 
to  withhold  eggs  from  the  market,  with  the  result  that  prices  advance, 
whereas  if  traders  feel  that  if  supplies  are  somewhat  more  than  sufficient 
to  fill  immediate  apparent  demands  there  may  be  a  tendency  to  overload 
the  market  and  cause  a  lowering  of  prices.  A  declining  market  often 
causes  a  further  decline  which  is  frequently  not  justified  by  the  actual 
supplies  available  and  the  actual  demand  for  eggs.  Also,  a  rising  market 
sometimes  leads  to  overenthusiasm  on  the  part  of  buyers,  with  the  result 
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that  prices  rise  so  high  that  further  demand  is  affected  until  a  subsequent 
reduction  in  price  brings  about  a  stabilized  price  which  is  in  keeping  with 
available  supplies  and  probable  demand. 

The  average  price  of  eggs  which  producers  receive  and  consumers  pay 
from  year  to  year  is  affected  by  the  total  volume  of  eggs  produced  from 
year  to  year  and  by  the  price  of  other  food  products.  An  excessive  sup¬ 
ply  of  eggs  one  year  tends  to  depress  prices  during  at  least  a  part  of  the 
following  year,  whereas  a  shortage  of  supply  one  year  tends  to  increase 
prices  during  a  part  of  the  succeeding  year.  A  relative  increase  in  price 
during  one  year  tends  to  lead  to  increased  production  the  following  year 
which  in  turn  tends  to  depress  prices  and  cause  a  reduction  in  the  produc¬ 
tion  of  eggs  the  next  year.  These  cycles  of  rising  and  lowering  prices 
and  production  may  not  occur  from  year  to  year  but  may  extend  over 
longer  periods  than  one  year.  There  are  many  factors,  such  as  a  severe 
drought  over  a  large  portion  of  the  country  or  a  very  severe  winter,  that 
may  affect  the  general  trend  in  prices. 

In  the  marketing  of  eggs  from  producers  to  consumers  many  whole¬ 
salers  act  as  a  balancing  factor  between  the  forces  of  supply  and  demand, 
buying  when  there  is  a  surplus  and  selling  when  there  is  a  scarcity  of 
eggs.  The  placing  of  eggs  in  cold  storage  in  the  spring  of  the  year  to 
preserve  their  quality  during  the  summer  months  acts  as  a  balancing 
factor  which  tends  to  minimize  the  extremes  in  prices  that  would  other¬ 
wise  occur.  In  some  of  the  .larger  city  markets  wholesalers  sometimes 
engage  in  “future”  trading,  which  simply  means  that  they  do  not  buy 
and  sell  eggs  but  buy  and  sell  contracts  to  receive  or  deliver  cars  of  eggs 
meeting  certain  specifications  at  a  designated  future  date.  This  system 
of  trading  in  “futures”  tends  to  lower  the  cost  of  distribution,  because  it 
makes  possible  the  transfer  of  risks  and  liabilities,  less  margin  being- 
required  to  cover  these  risks  and  liabilities  than  to  cover  actual  selling 
contracts. 

Many  producers  are  unaware  of  the  method  commonly  employed  in 
establishing  prices,  so  that  a  brief  statement  may  suffice  to  inform  them 
on  this  point.  The  egg  market  of  New  York  City  is  the  largest  in  the 
United  States  and,  therefore,  serves  as  the  basis  for  establishing  prices  in 
a  general  way  for  the  entire  country.  A  thoroughly  qualified  egg  reporter 
makes  daily  visits  to  the  New  York  Mercantile  Exchange,  where  traders 
buy  and  sell  eggs,  learns  the  egg  receipts  reported  during  the  day,  dis¬ 
cusses  with  traders  the  market  conditions,  and  determines  the  influence 
of  the  “bulls”  and  the  “bears”  by  the  offerings  and  the  biddings  as  they 
are  made.  From  the  Exchange  the  reporter  goes  to  visit  the  egg  dealers 
on  the  street  and  after  getting  their  combined  opinion  of  the  market 
situation  reaches  an  opinion  as  to  what  he  thinks  are  the  correct  market 
values  for  the  day.  His  estimated  values  apply  to  eggs  that  are  in  the 
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hands  of  the  first  receivers  and  include  the  costs  of  selling  and  of  shipping 
by  freight  or  truck,  as  well  as  other  costs  involved  in  getting  the  eggs  from 
the  first  receiver  to  the  jobber.  The  country  shipper  expects  to  get  the 
market  quotation  minus  the  costs  of  shipping  and  delivering  the  eggs. 

EGG-CONSUMPTION  PROBLEMS 

Practically  all  people  have  a  marked  preference  for  fresh  eggs.  At 
the  same  time,  eggs  kept  in  the  kitchen  of  the  farm  home  for  several  days 
and  then  held  in  a  country  grocery  store  for  a  week  or  so  may  be  distinctly 
inferior  in  quality  to  eggs  held  under  proper  conditions  of  storage  for  6 
months,  provided  the  latter  were  of  good  quality  when  placed  in  storage. 
The  California  Experiment  Station  has  shown  that  the  percentage 
of  thick  white  in  eggs  taken  out  of  storage  is  proportional  to  that  in 
the  eggs  when  they  were  placed  in  storage.  In  other  words,  eggs  of 
poor  quality  at  the  time  of  being  placed  in  storage  deteriorate  more 
rapidly  during  storage  than  those  of  good  quality.  Nearly  all  eggs  that 
have  been  held  in  storage  possess  a  flavor  that  is  not  characteristic  of  the 
strictly  fresh  egg. 

As  the  result  of  the  all  too  frequent  practice  on  the  part  of  dealers  of 
misrepresenting  storage  eggs  as  fresh,  several  states,  especially  in  the 
Northeast,  have  adopted  what  are  known  as  “ fresh-egg  laws”  the  prin¬ 
cipal  intent  of  which  is  to  insure  consumers’  being  able  to  buy  eggs  of 
known  quality.  When  intelligently  administered  these  laws  have  had 
the  effect  of  encouraging  producers  to  take  more  interest  in  the  production 
and  marketing  of  eggs  of  improved  quality  and  have  tended  to  discourage 
misrepresentation  by  dealers.  If  unwisely  enforced,  however,  the  fresh- 
egg  laws  tend  to  discourage  dealers  from  offering  fresh  eggs  as  such,  and 
egg  consumption  may  be  curtailed. 

Strictly  fresh  eggs  are  particularly  desirable  for  serving  as  fried, 
soft  cooked  (commonly  but  mistakenly  called  “soft  boiled”),  and  poached 
eggs  as  well  as  for  practically  all  cooking  and  baking  purposes.  Workers 
at  the  Washington  Experiment  Station  have  shown  that  fresh  eggs  having 
a  high  albumen  index  present  a  better  appearance  when  fried  and  poached 
than  those  with  a  low  index.  Although  it  has  been  shown  that  in  eggs 
having  a  relatively  high  proportion  of  thin  white  the  whites  usually  beat 
faster  than  the  whites  of  eggs  having  a  relatively  high  proportion  of  thick 
white,  it  has  also  been  shown  that  the  foam  obtained  from  beating  thick 
whites  is  usually  more  stable  than  that  obtained  from  beating  thin  whites. 

Several  studies  have  been  conducted  in  different  parts  of  the  country 
with  a  view  toward  determining  the  preference  of  consumers  for  eggs 
possessing  certain  qualities.  For  the  most  part  the  results  of  these 
studies  have  shown  that  consumers  as  a  whole  know  very  little  about  the 
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characteristics  of  an  egg  that  make  for  quality,  although  the  majority 
of  them  expressed  a  desire  for  eggs  of  good  quality.  They  attach  con¬ 
siderable  importance  to  size  but  are  most  particular  about  interior  quality, 
being  willing  to  pay  a  few  cents  per  dozen  more  for  a  superior  grade  as 
defined  by  the  retailer.  On  the  other  hand,  lower  quality  eggs  are  given 
a  preference  by  some  families  entirely  because  of  their  lower  price. 

In  several  cities  a  preference  was  indicated  for  eggs  with  white  shells, 
whereas  in  other  cities  the  reverse  was  true.  In  many  cases  it  was  learned 


Fig.  176. — Appearance  counts  a  lot  with  purchasers,  who  prefer  good  sized  eggs  of  high 
interior  quality.  Uniformity  of  appearance  and  quality  tends  to  increase  sales.  ( Keyes 
Fiber  Co.) 

that  white  eggs  were  preferred  because  it  was  assumed  that  light-colored 
yolks  were  associated  with  white  shells.  In  so  far  as  known  there  is  no 
difference  in  the  nutritive  value  of  white  and  brown  eggs. 

In  some  cities  a  majority  of  the  consumers  expressed  a  preference 
for  eggs  containing  light-colored  yolks,  whereas  in  other  cities  many 
expressed  a  preference  for  medium-  or  dark-colored  yolks.  Regardless 
of  the  preference  for  a  particular  shade  of  yellow,  it  is  obvious  that  when 
two  eggs  are  served  together  the  yolks  should  be  of  an  even  shade. 

The  odor  and  flavor  of  eggs  are  matters  that  have  received  relatively 
little  attention,  although  they  constitute  a  very  important  field  of  study. 
Storage  eggs  of  low  quality,  whether  because  of  their  poor  quality  when 
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placed  in  storage  or  because  of  improper  storage  conditions,  usually  have 
a  strong  odor  and  pronounced  flavor  when  served  as  soft-cooked  eggs. 
Workers  in  the  U.  S.  Department  of  Agriculture  have  shown  as  the  result 
of  a  study  in  the  flavor  of  stored  oil-treated  eggs  that  fresh  eggs  scored 
much  higher  in  taste  tests  than  oil-treated,  stored  eggs,  although  the  oils 
used  were  shown  to  have  no  effect  on  flavor.  It  was  further  shown  that 
the  higher  the  grade  of  stored  egg  the  higher  the  scoring  taste,  on  the 
average. 

Taste  studies  conducted  for  the  purpose  of  determining  differences 
in  the  flavor  of  eggs  have  demonstrated  very  clearly  that  taste  is  a  sensory 
factor  the  intensity  of  which  is  not  clearly  defined.  In  making  such 
studies  great  care  should  be  exercised  to  select  tasters  with  well-developed, 
sensitive  taste  buds  and  no  personal  prejudices  concerning  the  kinds  of 
eggs  being  tasted.  The  studies  that  have  been  conducted  make  it  clear 
not  only  that  these  points  should  be  taken  into  consideration  but  also 
that  it  is  very  important  to  develop  standards  for  egg  flavor. 

From  the  standpoint  of  their  nutritive  value,  eggs  occupy  a  unique 
position  in  the  human  dietary.  They  serve  a  very  important  role  in  the 
baking  and  cooking  industries  and  can  be  used  in  combination  with  other 
foods  as  well  as  by  themselves  in  a  great  variety  of  ways.  Frozen  and 
dried  egg  products  are  being  used  more  extensively  as  time  goes  on,  and 
many  new  dishes  have  recently  been  developed  in  which  eggs  in  the  shell 
constitute  the  major  part. 

The  egg  is  an  excellent  source  of  protein,  fat,  and  certain  minerals 
and  vitamins.  Because  of  peculiar  properties  of  the  proteins  in  eggs  they 
are  extremely  useful  for  thickening,  for  leavening,  and  for  clarifying  soups. 
They  are  invaluable  in  the  making  of  custards,  frostings,  and  mayonnaise. 
The  egg  is  relatively  rich  in  iron  and  phosphorus,  and  it  is  also  an  excellent 
source  of  vitamins  A,  B,  G,  and  D.  Because  of  these  properties  and 
because  it  can  be  so  readily  prepared  for  human  use,  there  is  every  reason 
to  believe  that  egg  production  will  assume  increasing  importance  as  a 
branch  of  agriculture. 

The  production  of  eggs  per  capita  of  the  human  population  has  more 
than  doubled  during  the  past  50  years  in  spite  of  the  fact  that  the  human 
population  has  increased  two  and  one-half  times.  In  other  words,  human 
population  has  increased  2.5  times,  whereas  egg  production  has  increased 
5.0  times.  During  the  past  few  years  the  per  capita  consumption  of  eggs 
has  been  estimated  to  be  about  23  doz.  per  year,  but  recent  studies 
have  indicated  that  apparently  the  actual  consumption  is  probably  in  the 
neighborhood  of  about  25  doz.  per  capita.  Increased  per  capita  con¬ 
sumption  in  the  future  will  in  all  probability  be  determined  to  a  con¬ 
siderable  extent  by  the  improvement  in  the  average  quality  of  all  eggs 
that  are  marketed. 
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CHAPTER  XII 


POULTRY-MARKETING  PROBLEMS 

Concerning  the  manifold  problems  that  face  the  poultry  industry,  in 
many  respects  there  is  probably  more  need  for  the  improvement  in  the 
quality  of  poultry  meat  offered  to  consumers  and  in  the  methods  of 
marketing  poultry  than  pertains  to  most  other  problems.  Because  the 
production  of  eggs  has  contributed  more  than  one-half  of  the  total  poultry 
receipts  obtained  from  the  average  farm-  and  commercial-poultry  flock, 
the  various  factors  that  affect  the  quality  of  poultry  meat  and  the  eco¬ 
nomic  factors  involved  in  the  methods  of  marketing  poultry  have  suffered 
at  the  expense  of  the  attention  that  has  been  given  to  problems  of  egg 
production  and  marketing. 

Chickens  are  marketed  in  a  variety  of  ways  including  alive,  fresh- 
killed  dressed,  fresh-killed  drawn,  storage  dressed,  slow-frozen  drawn,  and 
quick-frozen  drawn.  The  marketing  of  live  poultry,  involving  as  it  does 
the  shipping  of  live  birds  several  hundreds  or  thousands  of  miles,  repre¬ 
sents  an  economic  wastage  of  large  proportions,  because  transportation 
charges  must  be  paid  on  the  heads,  feet,  and  offal;  hauling  live-poultry 
cars  and  live-poultry  trucks  involves  needless  expenditures ;  and  the  costs 
of  dressing  poultry  in  terminal  markets  are  usually  greater  than  at  pro¬ 
ducing  centers.  Even  the  marketing  of  dressed  poultry  involves  eco¬ 
nomic  wastage,  since  transportation  charges  have  to  be  paid  on  heads, 
feet,  and  offal,  and  the  costs  of  “ drawing”  the  chickens  in  the  retail  shops 
of  the  larger  cities  are  usually  greater  than  at  the  producing  centers.  It 
seems  quite  probable,  however,  that  for  many  years  to  come  a  certain 
proportion  of  the  chickens  raised  every  year  will  be  marketed  alive. 

QUALITY  IN  LIVE  POULTRY 

The  palatability  of  poultry  meat  is  a  deciding  factor  in  determining 
its  demand  by  consumers  and  the  price  they  are  willing  to  pay.  Palat¬ 
ability  is  a  measure  of  quality  in  poultry  meat,  this  quality  being  deter¬ 
mined  by  such  factors  as  the  breeding  and  feeding  of  the  birds,  their 
age,  and  methods  employed  in  preparing  them  for  market  as  well  as  those 
employed  in  marketing. 

The  effects  of  breeding  and  feeding  on  the  quality  of  live  poultry 
have  already  been  discussed  in  preceding  chapters  so  that  only  a  few 
illustrations  need  be  given  here  by  way  of  review.  The  lighter  breeds 
of  chickens  are  not  so  highly  regarded  as  meat  producers  as  the  general- 
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purpose  breeds.  Crossbreeding  strains  of  superior  quality  frequently 
results  in  a  faster  rate  of  growth  during  the  first  12  weeks  or  so  and  in 
many  cases  in  a  better  finished  carcass.  The  rate  and  condition  of 


Fig.  177. — Dressed  birds  of  superior  type  and  finish  can  be  secured  only  from  live 
birds  of  the  proper  type  and  possessing  good  fleshing  properties.  This  Barred  Plymouth 
Rock  cockerel  is  shown  alive  at  26  weeks  of  age  together  with  three  views  of  his  dressed 
carcass.  {Maw,  1933.) 


Fig.  178. — The  body  type  of  the  live  bird  has  a  direct  bearing  on  the  finished  appear¬ 
ance  of  the  dressed  carcass,  as  shown  by  this  Rhode  Island  Red  cockerel  at  26  weeks  of 
age.  {Maw,  1933.) 


feathering  are  largely  a  matter  of  proper  breeding,  poor  feathering  over 
the  back  being  an  undesirable  market  characteristic.  The  shape  of  the 
bird  is  a  matter  of  heredity  and  is  of  importance  from  the  standpoint  of 
the  amount  and  distribution  of  fleshing.  At  Macdonald  College  it  has 
been  demonstrated  that  birds  with  long  keels  and  relatively  long  bodies 
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are  more  inclined  to  have  crooked  keels  than  birds  with  shorter  but  wider 
bodies. 

The  diets  used  and  the  methods  of  feeding  employed  in  feeding  chick¬ 
ens  have  an  important  bearing  on  quality  in  live  poultry.  Undernour¬ 
ished  chickens  are  invariably  thin  and  scrawny.  Diets  lacking  in  minerals 
and  vitamins  and  diets  that  are  not  properly  balanced  with  respect  to 
calcium,  phosphorus,  and  other  nutrients  frequently  produce  skeletal 
deformities,  retard  growth,  and  affect  fleshing  properties.  Certain  kinds 
of  diets  may  affect  the  color  of  the  flesh  and  the  flavor  of  poultry  meat, 
these  factors  of  quality  being  revealed  when  the  chickens  are  killed  and 
dressed. 

Other  factors  affecting  quality  in  live  poultry  include  parasitic  infesta¬ 
tion  and  disease  infection.  Chickens  heavily  infested  wTith  worms  are 
liable  to  be  thin  and  may  become  lame.  A  common  cold  and  many  other 
diseases  frequently  result  in  poor  fleshing.  Rough  handling  during  ship¬ 
ment  may  result  in  body  bruises. 

In  these  and  in  many  other  ways  is  the  quality  of  live  poultry  affected 
adversely,  and  it  is  of  the  utmost  importance  that  every  poultry  producer 
take  the  greatest  possible  precautions  in  rearing  chickens  that  attain  the 
highest  possible  grades. 


GRADING  LIVE  POULTRY 

Producers  should  appreciate  the  fact  that  live  poultry  graded  accord¬ 
ing  to  weight,  age,  and  condition  usually  command  a  higher  price  than 
ungraded  poultry.  The  Bureau  of  Agricultural  Economics  of  the  U.  S. 
Department  of  Agriculture  has  proposed  tentative  classes  and  subclasses 
for  live  poultry,  the  classes  being  roasters,  fowl,  etc.  For  each  class  the 
bureau  has  proposed  three  grades,  and  in  addition  birds  that  are  regarded 
as  unfit  for  food  are  graded  as  “ rejects, ”  the  specifications,  revised  Apr.  1, 
1937,  of  the  four  grades  being  as  follows: 

U.  S.  Grade  A. — Vigorous  birds,  well-fleshed,  plump  and  full  feathered, 
with  bright  red  combs  and  soft  glossy  skin.  Must  be  soft  meated  for 
birds  of  that  class  and  free  from  tears,  bruises,  and  deformities.  Excess 
abdominal  fat  and  broken  bones  are  not  permitted  and  the  birds  must 
be  free  from  external  evidence  of  disease.  A  tolerance  of  24  per  cent  of 
the  birds  in  the  lot  is  permitted  for  birds  of  U.  S.  Grade  B  and  1  per  cent 
for  birds  of  U.  S.  Grade  C. 

U.  S.  Grade  B. — Fairly  well-fleshed  birds,  fairly  well  feathered,  free 
from  tears,  bruises,  or  deformities.  Broken  bones  are  not  permitted  and 
the  birds  must  be  free  from  external  evidence  of  disease.  A  tolerance 
of  25  per  cent  of  the  birds  in  the  lot  is  permitted  for  birds  of  U.  S. 
Grade  C. 
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U.  S.  Grade  C. — May  be  poorly  feathered  birds,  poorly  fleshed  but 
not  emaciated.  Carcass  may  show  a  few  scratches,  tears,  or  bruises. 
Deformed  birds  permitted  if  fairly  well  fleshed.  Not  more  than  one 
broken  bone  permitted.  Must  be  free  from  highly  infectious  diseases. 
No  tolerance  is  permitted  for  birds  that  are  below  that  of  U.  S.  Grade  C. 


Fig.  179. — This  is  the  kind  of  poultry  that  should  never  be  marketed.  The  specimen 
shown  is  termed  a  “reject”  and  is  of  extremely  poor  quality.  ( U .  S.  Egg  and  Poultry 
Mag.) 

Rejects. — All  cull  birds  must  be  graded  as  Rejects.  Rejects  include 
all  birds  that  show  evidence  of  a  sick  condition,  severe  injury,  extreme 
emaciation,  cripples,  crop  bound,  or  other  conditions  that  render  them 
unfit  for  good.  Birds  afflicted  with  the  following  diseases  are  classed  as 
Rejects:  (1)  roup  (catarrhal  and  diphtheretic),  (2)  infectious  bronchitis, 
(3)  fowl  cholera,  (4)  fowl  typhoid,  (5)  limberneck,  (6)  tuberculosis, 
(7),  water  belly  (ascites). 
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Table  54. — Tentative  U.  S.  Classes  for  Live  Poultry 
(U.  S.  Department  of  Agriculture,  Apr.  1,  1937) 


Classes 

Breed  subclasses 

Weight  classes 

Description 

Chickens .  .  . 

Barred  Rocks 

Other  heavy  breeds 
Light  breeds 

Small — under  2)^  lb. 
Medium — 2Lj  to 
lb. 

Large — over  3}4  lb. 

Young,  soft-meated  chick¬ 
ens  of  either  sex,  with 
flexible  breastbones 

Stags . 

All  breeds 

All  weights 

Young  male  chickens  that 
have  begun  to  get  hard 
meated  and  coarse  and 
showing  well-developed 
comb  and  spurs.  Breast¬ 
bones  becoming  rigid 

Capons . 

All  breeds 

k.. 

rf,  * 

. 

S  m  a  1 1 — 5  lb.  and 
under 

Large — over  5  lb. 

Unsexed  male  birds  show¬ 
ing  practically  no  comb 
or  spur  development  and 
with  profuse  tail,  saddle, 
and  hackle  plumage 

Fowl . 

Heavy  breeds 

Light  breeds 

Small — under  4  lb. 
Medium — 4  to  5  lb. 
Large — over  5  lb. 

Mature  female  chickens 
with  hardened  breastbone 

Cocks . 

All  breeds 

All  weights 

Mature  male  chickens  with 
hardened  breastbone 

This  table  indicates  that  weight  according  to  age  is  an  important 
factor  in  the  grading  of  live  poultry,  being  influenced  not  only  by  skeletal 
dimensions  but  also  by  the  amount  of  fleshing.  Birds  1  year  old  and 
over  are  classed  as  fowl  or  cocks,  depending  upon  the  sex.  Except  for 
capons,  birds  under  1  year  of  age  are  classed  as  chickens  or  stags,  the 
last  two  classes  being  determined  largely  by  the  age  of  the  birds. 

METHODS  OF  MARKETING  LIVE  POULTRY 

Crates  of  various  designs  are  used  for  shipping  live  poultry.  Each 
crate  should  be  of  a  sufficient  size  to  accommodate  about  12  to  20  chickens. 
Too  many  chickens  should  not  be  placed  in  one  crate,  because  some  might 
be  suffocated.  The  crates  should  be  as  strong  but  as  light  as  possible  in 
order  to  save  shipping  charges.  Different  types  of  crates  are  used,  one 
being  2  ft.  wide  and  3  ft.  long,  one  12  in.  high,  another  the  same  width  and 
length  but  16  in.  high,  still  another  being  somewhat  wider  and  longer. 

Live  chickens  are  marketed  by  producers  in  their  own  wagons,  trucks, 
or  automobiles  to  local  buyers  and  poultry-packing  plants  or  are  shipped 
by  express,  freight,  or  truck  to  distant  markets.  Whatever  may  be  the 
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practice  followed,  great  care  should  be  taken  to  see  that  the  chickens  are 
crated  and  shipped  in  such  manner  as  to  ensure  their  arrival  in  the  best 
condition  possible. 

In  many  cases  live  chickens  are  sold  direct  from  the  farm  to  a  huckster 
or  to  a  local  buyer  who  sends  his  truck  around  to  farms  and,  upon  securing 
a  truck  load,  frequently  delivers  it  many  miles  to  a  distant  market.  In 
these  cases  the  shipper  should  exercise  the  greatest  care  in  crating  the 
poultry  and  arranging  the  crates  in  the  truck  in  order  to  keep  the  chickens 
comfortable  during  the  voyage  to  market. 

Chickens  in  crates  being  taken  to  market  in  trucks,  automobiles,  or 
wagons  should  not  be  subjected  to  cold  winds  lest  some  of  the  birds  catch 
cold;  nor  should  they  be  allowed  to  become  overheated. 

Shipping  by  Express. — Many  producers  find  it  to  their  advantage  to 
ship  live  chickens  by  express  to  distant  markets  rather  than  selling  locally. 
When  chickens  are  shipped  by  express  they  should  be  graded  in  the  crates 
according  to  color,  age,  size,  and  condition.  Chickens  crated  according 
to  color  always  command  the  buyer’s  attention  more  readily  than  crates 
of  chickens  of  various  colors.  Chickens  graded  according  to  age  and 
size  always  have  a  market  advantage  over  those  not  so  graded.  Old 
birds  should  never  be  mixed  with  young  ones,  and  very  small  birds  should 
not  be  crated  with  very  large  ones.  Grading  the  chickens  according  to 
condition  is  an  important  factor  in  commanding  the  best  prices.  Cull 
chickens  and  those  that  are  sickly  should  never  be  shipped  to  market. 
Chickens  that  are  in  the  best  fleshing  condition  should  be  crated  together, 
leaving  the  poorly  fleshed  ones  to  be  crated  by  themselves. 

Producers  should  study  the  live-chicken-market  requirements  of  the 
market  to  which  they  ship  their  chickens  in  order  that  the  best  shipping 
days  may  be  determined.  Live  chickens  should  not  be  shipped  to  arrive 
at  the  market  on  Saturday  afternoon,  because  they  usually  have  to  be 
held  over  until  Monday,  in  which  case  there  is  usually  excessive  shrinkage 
in  weight.  Sometimes  advantage  can  be  taken  of  the  higher  prices 
prevailing  for  live  chickens  at  the  time  of  the  Jewish  holidays. 

A  certain  amount  of  shrinkage  in  weight  usually  takes  place  when  live 
chickens  are  shipped  to  market,  the  amount  of  the  shrinkage  depending 
upon  the  shipping  distance  and  the  season.  The  customary  amount  of 
shrinkage  ranges  from  about  2  to  15  per  cent  or  more  of  the  original  ship¬ 
ping  weight,  chickens  shipped  short  distances  losing  less  than  those 
shipped  far  away. 

Where  live  chickens  are  shipped  such  distances  as  to  require  24  hr.  or 
more  before  reaching  the  market,  a  tin  of  corn  that  has  been  thoroughly 
soaked  in  water  may  be  nailed  on  the  inside  of  the  crate.  The  water- 
soaked  corn  helps  to  prevent  excessive  shrinkage.  In  the  case  of  chickens 
arriving  on  the  market  the  same  day  they  are  shipped  they  should  not  be 
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fed  during  transit  but  may  be  fed  a  few  hours  before  being  crated  for 
shipment.  Chickens  arriving  on  the  market  with  crops  full  of  feed 
usually  bring  a  lower  price  than  otherwise,  or  they  may  be  held  over  until 
the  feed  is  digested. 

Shipping  by  Freight. — Freight  shipments  of  live  chickens  are  made 
either  in  livestock  cars  or  in  specially  constructed  live-poultry  cars. 
The  live-poultry  car  is  by  far  the  most  satisfactory  method  of  shipping 
chickens  by  freight. 

Most  shipments  of  live-poultry  cars  originate  at  the  poultry-packing 
plants,  this  being  the  customary  practice  throughout  the  Middle  West. 
Some  shipments  of  live-poultry  cars  are  made  up  at  railway  stations  along 


Fig.  180. — Live  poultry  on  its  way  to  New  York.  ( U .  S.  Egg  and  Poultry  Magazine.) 


a  prescribed  route  where  producers  bring  their  chickens  to  the  nearest 
station,  this  practice  being  followed  in  certain  southern  states  where  there 
are  but  few  poultry-packing  plants. 

A  live-poultry  car  is  constructed  with  compartments  or  coops  from 
the  floor  to  the  roof  on  each  side  of  a  center  aisle.  Each  compartment  is 
provided  with  a  feeding  and  watering  trough  and  with  a  removable 
bottom  for  ease  in  cleaning.  The  outside  of  the  car  is  covered  with 
heavy  wire  screening,  and  in  bad  weather  a  canvas  should  be  used  to 
provide  protection.  There  is  a  small  room  in  the  center  or  at  the  end 
for  the  attendant,  and  some  cars  are  provided  with  a  heating  system  for 
heating  the  different  parts  of  the  car.  There  are  usually  128  compart¬ 
ments  in  a  car,  which  will  accommodate  about  4,800  chickens  weighing 
approximately  16,000  to  18,000  lb.  net. 

Since  chickens  may  be  in  transit  in  a  live-poultry  car  for  2  or  3  days 
to  a  week  or  more,  they  must  be  fed  in  order  to  reduce  shrinkage.  Feed¬ 
ing  is  practiced  in  much  the  same  manner  as  in  feeding  chickens  in  the 
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packing  house,  which  has  been  discussed  in  the  chapter  on  feeding  prac¬ 
tices.  Upon  arrival  in  the  New  York  City  live-poultry  terminal  market 
the  crop  should  not  contain  more  than  2  oz.  in  weight  of  feed,  according 
to  a  regulation  of  the  Department  of  Health  of  the  city.  Federal  inspec¬ 
tion  is  provided  to  see  that  the  crops  are  not  overloaded  with  feed. 

Shipping  by  Truck. — The  shipment  of  live  poultry  by  truck  has 
increased. considerably  during  recent  years,  both  for  long-  and  for  short- 
distance  hauling.  The  chickens  are  picked  up  in  the  producing  areas. 
The  trucks  vary  in  size  and  in  the  number  of  birds  that  can  be  accom¬ 
modated,  some  having  eight  tiers  of  compartments  from  floor  to  roof  on 
each  side  of  a  center  aisle. 


Table  55. — Receipts  of  Live  Poultry  at  New  York  City,  by  Freight,  Express, 

and  Truck,  1925  to  19351 
(Sprague,  Sturgess,  and  Radabaugh,  1937) 


Year 

Cars 

Year 

Cars 

Freight 

Express 

Truck 

Total 

Freight 

Express 

Truck 

Total 

1925 

10,498 

840 

4752 

11,813 

1931 

10,152 

285 

1,498 

11,935 

1926 

11,497 

752 

5752 

12,824 

1932 

9,126 

160 

2,048 

11,334 

1927 

12,104 

934 

700 2 

13,738 

1933 

8,150 

113 

2,317 

10,580 

1928 

11,267 

937 

850 2 

13,054 

1934 

7,641 

112 

2,428 

10,181 

1929 

1930 

10,493 

10,677 

674 

476 

1 ,0502 
1,386 

12,217 

12,539 

1935 

5,387 

137 

3,157 

8,681 

1  To  convert  to  pounds,  multiply  by  16,000. 

2  Estimated. 


Terminal -marketing  Methods.— When  a  shipment  of  live  poultry 
arrives  at  the  terminal  markets  in  the  larger  cities  it  passes  through  several 
hands  before  reaching  the  consumer.  In  the  smaller  terminal  markets 
the  shipment  is  usually  transferred  by  the  receiver  or  commission  man 
to  a  wholesaler  who  in  turn  sells  it  to  a  retailer  or  slaughterhouse  operator. 
In  some  cases  the  receiver  may  have  the  shipment  sent  to  his  own  killing 
establishment.  In  some  of  the  larger  terminal  markets,  such  as  New 
York  City  where  there  is  such  a  large  Jewish  population,  the  shipment 
is  unloaded  at  an  unloading  center  and  transported  to  the  slaughterhouse 
for  killing.  From  the  slaughterhouse  the  dressed  birds  are  transported 
to  dealers. 

Since  New  York  City  is  the  largest  live-poultry  terminal  market  in 
the  country,  and  since  live-poultry  prices  in  New  York  City  determine  to 
some  extent  the  prices  paid  for  live  poultry  in  all  other  parts  of  the 
country,  it  is  well  to  consider  very  briefly  some  of  the  more  important 
factors  involved  in  the  handling  live  poultry  in  such  a  large  city  as  New 
York. 


444 


POULTRY  HUSBANDRY 


There  are  three  classes  of  live-poultry  dealers  in  New  York  City: 
the  commission  merchant,  who  acts  as  an  agent  for  the  shipper  or  buys 
poultry  outright  in  wholesale  lots  and  sells  in  job  lots;  the  slaughterhouse 
operators,  who  buy  live  poultry  and  slaughter  and  deliver  in  small  lots; 
and  the  live-poultry  retailer  who  maintains  a  retail  slaughterhouse,  or 
chicken  “ stand,”  in  a  public  market  where  the  consumer  selects  a  live 
bird  which  is  then  killed  and  dressed. 

The  numerous  details  involved  in  the  unloading  of  shipments  of  live 
poultry,  cooping  and  uncooping  the  birds,  and  holding  and  handling  in 
the  slaughterhouses  and  in  the  retail  stores  have  made  it  possible  for 
many  abuses  to  arise.  Some  of  these  abuses  include  excessive  charges 
for  unloading,  charging  for  coops  when  no  coops  were  used,  recording 
incorrect  weights,  and  many  other  acts  of  injustice  practiced  by  different 
groups  of  dealers.  Because  of  lack  of  space,  it  is  impossible  to  discuss 
these  problems  in  a  book  of  this  kind,  but  it  is  important  to  note  that 
as  the  result  of  many  unfair  trade  practices  that  existed  in  the  marketing 
of  live  poultry  in  New  York  City,  officials  of  the  U.  S.  Department  of 
Agriculture  conducted  an  economic  survey  of  the  live-poultry  industry 
and  made  numerous  suggestions  with  respect  to  the  improvement  of 
conditions. 

Dealers  in  live  poultry  in  New  York  City  and  several  other  large 
cities,  as  may  be  designated  by  the  Secretary  of  Agriculture,  are  required 
to  obtain  a  license  under  the  Packers  and  Stockyards  Act.  Receivers  of 
live  poultry  are  required  to  file  tariffs  of  their  rates  and  charges,  and  the 
Secretary  is  given  power  to  regulate  dealers  and  handlers  of  live  poultry 
where  unfair,  deceptive,  and  fraudulent  practices  are  found  to  exist. 

KILLING,  DRESSING,  AND  COOLING 

Producers  who  sell  direct  to  consumers  or  on  the  public  markets  of 
the  larger  cities  usually  sell  their  chickens  dressed  rather  than  alive. 
Also,  except  for  the  demand  for  live  chickens  for  the  Jewish  trade  and 
certain  other  people  who  demand  fresh-killed  chickens,  most  of  the 
chickens  shipped  to  the  markets  of  the  consuming  centers  are  shipped 
in  the  dressed  form.  A  dressed  chicken  means,  of  course,  one  that  has 
been  killed  and  plucked. 

Dressed  chickens  are  shipped  either  in  the  fresh  condition  or  after 
they  have  been  held  in  storage  for  some  time.  In  recent  years  dressed 
chickens  that  are  drawn  and  frozen  immediately  after  being  dressed  have 
been  shipped  direct  to  retailers  and  consumers. 

Bleeding. — Chickens  should  be  deprived  of  feed  for  about  24  hr. 
before  being  killed.  This  will  empty  the  crops  and  intestines  of  feed. 
The  dressed  birds  also  will  keep  longer  and  will  be  of  better  quality. 
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During  the  period  when  they  are  not  fed  they  should  have  water,  which 
will  wash  feed  particles  out  of  the  digestive  tract. 

One  of  the  best  ways  to  kill  a  fowl  is  to  bleed  it  by  severing  the 
arteries  in  the  neck.  From  the  ceiling  of  the  room  in  which  the  killing  is 
to  be  done  the  fowl  is  suspended  by  the  feet  at  about  the  height  of  the 
shoulder  of  the  plucker.  Any  stout  cord  with  a  short  stick  in  the  end  will 
do  to  wrap  around  the  bird’s  feet.  In  poultry-packing  plants  shackles 
made  of  stout  wire  are  used. 

A  particular  kind  of  killing  knife 
is  desirable.  The  blade  of  the  knife 
is  a  heavy  piece  of  steel,  about  2  in. 
long,  34  hi.  wide,  and  34  hi.  thick  on 
the  back.  It  should  be  ground  to  a 
sharp  point  with  a  straight  cutting 
edge,  the  slope  of  the  point  being 
taken  from  the  back  rather  than 
from  the  front  edge.  The  handle 
should  be  fairly  stout,  so  that  it  can 
be  grasped  readily.  A  strong,  sharp 
jackknife  could  be  used  to  advantage. 

The  head  of  the  fowl  is  taken  in 
the  left  hand,  and  the  knife  in  the 
right.  With  the  thumb  and  fore¬ 
finger  of  the  left  hand  the  mouth  is 
forced  open  by  pressure,  and  the 
knife  is  inserted  with  the  blade  point¬ 
ing  toward  the  back  of  the  head.  The  knife  is  then  forced  up  to  the 
juncture  of  the  head  and  neck  where  the  arteries  come  down  on  each 
side  of  the  neck;  these  are  severed,  and  the  fowl  bleeds  freely.  A  left- 
handed  person  would  perform  the  operation  in  the  opposite  way. 

The  loss  of  blood  amounts  to  about  4  per  cent  of  the  weight  of  the 
bird. 

Piercing  the  Brain. — Immediately  afterward  the  knife  is  forced  into 
the  roof  of  the  mouth.  This  is  done  by  withdrawing  the  knife  from  the 
juncture  of  the  head  and  neck  and  turning  it  over  so  that  the  back 
of  the  knife  passes  along  the  upper  beak  into  the  groove  in  the  roof  of  the 
mouth.  It  is  then  immediately  forced  into  the  brain  cavity  so  that  the 
brain  is  pierced.  When  this  is  done  properly  the  bird  will  squawk,  and 
it  will  also  make  a  convulsive  movement  which  tends  to  loosen  the 
feathers  in  the  feather  follicles.  If  the  brain  has  not  been  properly 
pierced  the  feathers  are  hard  to  pluck,  and  the  skin  is  frequently  torn 
badly.  Poorly  bled  chickens  frequently  show  reddened  areas  over  the 
body,  especially  along  the  neck  and  around  the  thighs. 


Fig.  181. — Showing  the  proper  method 
of  bleeding  a  chicken.  ( Dominion  of 
Can.  Dept.  Apr.) 
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There  has  recently  been  developed  a  machine  that  electrocutes  the 
birds,  120  volts  being  used,  and  then  automatically  severes  the  jugular 
veins  from  the  outside  rather  than  through  the  mouth,  as  is  the  custom 
in  hand  killing. 

For  the  Jewish  Trade. — Chickens  killed  for  the  orthodox  Jewish  trade 
must  be  slaughtered  under  the  supervision  of  a  rabbi,  such  chickens  being 
known  as  “ kosher  killed.”  One  of  the  essential  features  in  kosher 
killing  is  that  both  the  jugular  vein,  esophagus,  and  the  trachea  must 
be  severed.  After  the  chicken’s  throat  has  been  cut,  the  killer  must  pass 
his  thumb  forward  from  the  rear  of  the  neck  to  push  out  the  end  of  the 

trachea  to  be  sure  that  this  has  been 
completely  severed.  To  remove  the 
knife  from  the  cut  and  replace  it 
makes  the  chicken  nonkosher.  Dis¬ 
eased  chickens  and  those  having 
broken  bones  are  not  acceptable  for 
kosher  killing. 

The  ritual  of  slaughter  is  per¬ 
formed  by  a  shohet  who  is  certified 
by  a  rabbi.  The  Talmud  gives  the 
numerous  details  of  the  act  of  ritual 
slaughter. 

A  Jewish  supervisor,  called  the 
“mashgiach,”  places  a  plumba,  or 
small  metal  band,  on  birds  that  are 
properly  killed  and  are,  therefore, 
suitable  for  the  Jewish  consumer. 
The  consumer  must  follow  certain 
prescribed  practices  in  preparing 
fresh-killed  poultry  for  the  table, 
including  soaking  and  salting  for  the  purpose  of  drawing  all  blood  from 
the  meat. 

Dry  Plucking. — For  many  years  the  most  common  method  of  plucking 
chickens  was  by  dry  plucking,  the  body  feathers  being  removed  by  a 
rubbing  motion  of  the  hand,  and  the  tail  and  wing  feathers  pulled  out. 
Dry  picking  must  be  done  the  moment  the  bird  is  killed  and  while  the 
body  is  still  warm.  The  feathers  are  plucked  in  the  following  order: 
tail,  large  wing  feathers,  breast  and  sides,  thighs,  legs,  soft  body  feathers, 
back  feathers,  neck  and  small  feathers  on  the  wings,  and  hip  feathers. 

1  he  birds  should  then  be  hung  on  racks  in  a  chilling  room  as  near  freezing 
as  possible,  but  not  below  32°F.,  for  at  least  24  hr.  before  being  packed. 

During  recent  years  an  automatic  dry-plucking  machine  has  been 
developed  and  has  been  used  extensively  in  France,  England,  and  other 


Fig.  182. — Showing  the  proper  method 
of  piercing  the  brain  in  order  to  make 
plucking  easy.  ( Dominion  of  Can.  Dept. 
Agr.) 
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countries.  The  machine  consists  of  a  high-speed  suction  fan  operated 
electrically  and  high-speed  revolving  plucker  plates  driven  by  the  same 
motor.  The  bird  is  held  before  the  machine  in  such  a  way  that  the  fan 
blows  up  the  feathers  while  a  series  of  steel  plates,  which  come  together 
on  each  revolution,  plucks  them  very  rapidly.  Pinfeathers  on  the  wings 
and  thighs  usually  have  to  be  removed  by  hand. 

The  feathers  constitute  about  7  per  cent  of  the  live  weight  of  the 
bird. 


Fig.  183. — A  modern  electrocuting  and  bleeding  machine  used  for  the  preparation  of 
poultry  for  plucking.  ( Barker  Poultry  Equipment  Co.) 

Hard -scald  Plucking. — The  feathers  are  plucked  quite  readily  if  the 
birds  are  dipped  for  a  few  seconds  in  water  kept  at  a  temperature  of  180  to 
190°F.  The  head  and  feet  are  usually  not  immersed,  so  that  they  retain 
their  natural  color.  If  the  water  is  too  hot  the  skin  will  have  a  scalded 
appearance.  The  hard-scald  method,  though  used  for  plucking  chickens 
for  home  use,  if  carefully  done  can  be  used  for  marketing  dressed  birds 
direct  to  the  consumer  in  a  local  market.  Even  when  hard  scalding  is 
properly  done  the  skin  rarely  has  the  desirable  appearance  seen  in  dressed 
birds  plucked  by  other  methods. 

Semiscald  Plucking. — For  slack  scalding  or  semiscalding  the  tempera¬ 
ture  of  the  water  should  be  128°F.  for  broilers,  129°F.  for  chickens,  and 
130°F.  for  fowl,  and  the  birds  should  be  kept  in  the  water  for  30  to 
35  sec.  In  large  poultry-killing  establishments  the  birds  are  killed  by 
hand  and  then  are  transported  by  an  endless  chain  to  the  water  tank 
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into  which  they  are  automatically  dipped  and  withdrawn.  The  feathers 
are  picked  off,  the  skin  usually  having  practically  as  nice  a  finished  appear¬ 
ance  as  in  dry  plucking.  Moreover,  there  is  less  danger  of  tearing  the 
skin,  and  the  pinfeathers  are  more  easily  removed. 

Wax  Plucking. — Dipping  birds  in  melted  wax  facilitates  plucking  and 
removes  the  hair  and  the  pinfeathers,  thus  having  several  advantages 
over  all  other  methods  of  plucking.  Wax  plucking  may  be  used  in 
conjunction  with  dry  plucking  or  with  the  semiscalding  method.  A 
special  kind  of  wax  is  necessary. 


Fig.  184. — Dressed  chickens  with  heads  wrapped,  suspended  on  a  cooling  rack.  ( U .  S. 

Dept.  Agr.) 

Wax  plucking  combined  with  dry  plucking  has  been  tried  with  partial 
success  for  plucking  chickens  on  the  farm  for  selling  on  the  local  market. 
The  wax  should  be  melted  about  1  hr.  before  the  birds  are  dry  roughed 
and  the  molten  wax  should  be  kept  at  about  130°F.  The  proper 
temperature  is  maintained  by  placing  the  pail  or  kettle  of  wax  in 
a  larger  vessel  of  warm  water,  hot  wax  being  added  from  time  to  time. 
The  birds  are  rough  plucked  immediately  after  being  killed  and  are  hung 
up  in  a  moderately  cool  room  to  allow  body  heat  to  escape  until  the 
temperature  of  the  carcass  is  about  70°F. 

Each  carcass  is  then  individually  plunged  into  the  molten  wax  and 
agitated  for  about  5  sec.,  then  withdrawn  and  held  over  the  molten  wax 
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until  there  is  no  dripping,  this  process  being  repeated  three  times.  If  the 
temperature  of  the  wax  is  a  little  below  130°F.  two  dippings  may  be 
sufficient,  but  if  it  is  somewhat  higher  than  130°F.  four  or  five  dippings 
may  be  necessary  to  build  up  a  good  coating  of  wax.  After  the  carcass 
has  been  dipped  a  sufficient  number  of  times,  it  is  hung  up  to  allow  the 
wax  to  harden,  about  15  min.  being  sufficient.  It  is  then  dipped  in 
cold  water  for  from  30  to  60  sec.,  and  the  wax  is  removed.  The  wax 
should  not  be  allowed  to  become  too  hard,  or  it  will  be  difficult  to  remove 
and  may  lead  to  torn  skin.  It  should  be  reclaimed  by  melting  and 
straining  to  remove  the  feathers.  Very  pinny  birds  and  molting  hens 


Fig.  185.— Wax  plucking.  A  modern  poultry  dressing  room  is  operated  efficiently, 
and  the  greatest  care  is  taken  to  give  the  birds  the  best  possible  finished  appearance. 
( U .  S.  Egg  and  Poultry  Mag.) 


are  not  suitable  for  wax  plucking  after  dry  roughing.  There  is  still  need 
for  improving  various  details  of  wax  plucking  on  the  farm  before  it  will  be 
entirely  successful. 

Wax  plucking  in  conjunction  with  semiscalding  is  used  extensively 
in  the  commercial  dressing  plants  and  has  been  found  to  remove  prac¬ 
tically  all  pin  feathers.  The  temperature  of  the  wax  should  be  about 
125°F.  Immediately  after  the  birds  are  semiscalded  they  are  dried  by 
being  run  on  an  endless  chain  through  drying  chambers.  Upon  emerging 
from  the  drying  chambers  the  carcasses  are  automatically  suspended 
by  the  head  and  feet  and  are  carried  on  the  endless  chain  to  the  receptacles 
containing  the  melted  wax  into  which  they  are  dipped  once  or  twice, 
usually  twice. 

After  they  are  dipped  in  the  melted  wax  they  are  run  through  cham¬ 
bers  in  which  they  are  sprayed  with  cold  water  to  harden  the  wax,  after 
which  the  wax  and  feathers  are  removed  by  hand.  The  wax  is  reclaimed 
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for  further  use.  In  commercial  poultry  plants,  wax  plucking  appreciably 
reduces  costs  over  other  methods  and  produces  a  much  better  looking 
dressed  bird,  on  the  average. 

Dressing  Details. — Soiled  heads,  feet,  and  vents  should  be  cleaned 
thoroughly  in  order  that  the  dressed  birds  may  present  an  attractive 
appearance.  The  heads  should  be  wiped  with  a  damp  cloth,  the  feet 
scrubbed  with  a  brush  and  then  wiped  with  a  dry  cloth,  and  the 
vents  squeezed  to  remove  fecal  matter  to  avoid  soiling  when  the 
birds  are  packed  in  boxes.  The  dressed  weight  of  fattened  roasters 
averaging  5  lb.  each  constitutes  approximately  89  per  cent  of  the  live 
weight. 

Feed  should  be  removed  from  the  crop,  to  prevent  the  development  of 
sour  crop.  The  feed  is  removed  by  pressing  the  hands  downward  around 
the  neck  from  the  crop  to  the  mouth  or  by  making  a  slit  along  the  back¬ 
bone  and  removing  the  contents  through  the  opening  or,  better  still, 
removing  the  crop  and  its  contents.  Cutting  the  skin  of  the  bird  is 
decidedly  objectionable,  however,  because  it  is  liable  to  give  rise  to 
spoilage  if  the  birds  are  held  for  any  length  of  time. 

The  heads  should  be  wrapped  in  parchment,  brown  kraft  paper,  or, 
better  still,  brown  kraft  paper  waxed  on  one  side.  One  end  of  the 
wrapper  is  cut  on  the  diagonal,  which  makes  it  possible  to  wrap  the  head 
very  neatly. 

Cooling. — The  body  heat  should  be  allowed  to  escape  as  soon  as 
possible  after  the  birds  are  dressed,  'cooling  to  a  temperature  of  32°F. 
being  desirable.  Cooling  by  immersing  the  birds  in  cold  water  for  5  to  10 
hr.,  is  practiced  to  some  extent  although  dressed  birds  so  cooled  tend  to 
deteriorate  more  readily  than  when  dry  cooled.  If  the  temperature  of 
the  killing  room  is  below  32°F.  it  is  possible  to  cool  dressed  birds  by 
hanging  them  up  for  several  hours,  provided  they  are  being  marketed 
locally.  For  commercial  marketing  the  dressed  birds  should  be  cooled 
by  mechanical  refrigeration  at  temperatures  ranging  from  30  to  34°F. 

PRESERVATION  OF  QUALITY  IN  DRESSED  POULTRY 

The  quality  of  dressed  poultry  is  determined  by  the  quality  of  the 
birds  before  being  killed  and  by  the  methods  employed  in  killing,  dressing, 
and  cooling.  Quality  in  live  poultry  has  been  discussed  previously; 
suffice  it  to  say  here  that  dressed  birds  of  superior  quality  are  well  meated 
and  plump  breasted,  with  the  flesh  well  distributed  over  the  body,  giving 
a  fine  finished  appearance.  The  keels  are  perfectly  straight,  and  the 
carcasses  are  of  good  breadth  in  relation  to  length. 

The  carcasses  should  be  free  of  any  blemish  or  defect,  such  as  torn 
skins,  bruises,  or  deformities,  and  there  should  be  freedom  of  pinfeathers. 
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Discoloration  resulting  from  improper  bleeding  is  a  serious  defect.  If 
the  bird  is  improperly  bled  the  skin  over  the  hips,  legs,  and  neck  is  usually 
quite  red  in  color,  and  the  crop  often  appears  dark,  as  the  result  of 
blood  having  been  swallowed. 

The  proper  preservation  of  quality  in  dressed  poultry  is  of  the  utmost 
importance  in  order  that  consumers  may  be  supplied  with  poultry  meat 
in  its  most  palatable  form. 

Freezing  Dressed  Poultry. — After  the  dressed  birds  are  cooled  in  a 
temperature  of  about  32°F.,  they  should  be  frozen  in  order  that  the  meat 
may  be  kept  in  the  best  possible  state  of  preservation.  Dressed  birds 
that  are  to  be  stored  for  any  length  of  time  are  carefully  sorted  as  to  size 
and  quality  and  then  placed  in  the  freezing  rooms.  Freezing  the  poultry 
as  quickly  as  possible  is  most  essential,  and  holding  the  frozen  product 
at  a  temperature  as  low  as  zero  is  desirable.  Lower  temperatures 
have  been  tried  with  success,  but  the  cost  of  holding  increases  greatly  as 
the  temperature  is  lowered. 

The  observation  that  desiccation  often  occurred  in  hard  frozen  poultry 
led  to  the  further  observation  that  a  low,  uniform  temperature  is  desirable 
in  order  to  maintain  the  proper  humidity  in  the  atmosphere  of  the  freez¬ 
ing  room.  The  optimum  humidity  for  frozen  poultry  has  not  been 
determined,  although  it  has  been  shown  that  moisture  sprayed  by  power 
atomizers  into  the  freezer  rooms  until  snow  covers  the  boxes  of  poultry 
and  hangs  from  the  ceiling  prevents  desiccation. 

The  experience  of  many  cold-storage  operators  has  shown  that  widely 
fluctuating  temperatures  and  humidity  conditions  in  the  freezer  rooms 
often  gives  rise  to  a  collapse  of  the  cells  of  the  flesh,  causing  pocklike 
marks  to  appear  upon  the  skin.  This  condition  is  commonly  referred 
to  as  “freezer  burn”  and  has  been  the  cause  of  much  trouble  to  storers 
of  dressed  poultry.  Wrapping  birds  individually  in  moistureproof 
transparent  sheets  or  asphalt  papers  has  been  shown  to  reduce  the  freezer- 
burn  condition  almost  completely,  provided  satisfactory  temperature  and 
humidity  conditions  are  maintained  in  the  freezer  rooms. 

During  recent  years  the  quick  freezing  of  poultry  has  received 
special  consideration,  several  methods  being  employed.  Lack  of  space 
prevents  a  detailed  discussion  of  this  most  promising  field  in  the  preserva¬ 
tion  of  poultry  meat.  For  the  present  it  appears  that  a  range  of  —20  to 
—  30°F.  is  the  most  practicable,  although  some  work  has  been  done 
which  indicates  that  quick  freezing  at  —12  to  —  15°F.  tends  to  preserve 
a  better  color  than  quick  freezing  at  lower  temperatures.  Quick  freezing 
preserves  the  quality  of  poultry  meat  by  immobilizing  the  water  before 
it  has  a  chance  to  escape  from  the  cells  of  the  flesh. 

Full-drawn  Poultry. — The  practice  of  drawing  poultry  for  quick 
freezing  has  gained  considerable  impetus  in  the  last  few  years,  the  final 
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product  being  a  bird  ready  for  the  oven.  It  is  well  known,  of  course,  that 
the  drawing  of  fresh-killed  birds  soon  leads  to  bacterial  decomposition. 
On  the  other  hand,  it  has  been  demonstrated  that  fresh-killed  poultry 
may  be  eviscerated  or  drawn  and  then  subjected  to  quick  freezing  with 
very  satisfactory  results. 

From  the  standpoint  of  the  economics  of  marketing  poultry  it  would 
seem  that  the  drawing  and  quick-freezing  of  poultry  is  bound  to  expand. 
In  the  first  place,  the  drawing  of  poultry  in  poultry  packing-plants 
located  in  the  country  can  be  done  at  less  cost  than  in  the  cities.  In  the 


Fig.  186. — Showing  the  evisceration  of  chickens.  The  head  and  feet  having  been 
removed,  each  bird  is  then  carefully  eviscerated  under  strictly  sanitary  conditions.  The 
birds  are  individually  inspected  by  Federal  inspectors  and  after  being  eviscerated  are 
thoroughly  washed.  The  pans  revolve  constantly,  each  pan  being  washed  after  each 
revolution.  ( U .  S.  Egg  and  Poultry  Mag.) 


second  place,  when  dressed  poultry  is  eviscerated  at  the  packing  plants 
there  is  an  enormous  saving  in  the  express,  freight,  and  truckage  charges 
on  the  head,  feet,  and  offals.  In  the  third  place,  the  evisceration  of 
poultry  at  packing  plants  makes  possible  the  saving  of  certain  parts  of 
the  offal  for  fertilizer  purposes  in  contrast  to  dumping  it  down  city 
sewage  systems,  and,  what  is  probably  still  more  important,  various 
endocrine  glands  may  be  salvaged  which  may  prove  to  be  of  considerable 
value  in  the  future. 

The  relative  amount  of  edible  meat  obtainable  from  broilers  and 
roasters  is  shown  in  the  following  table. 
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Table  56. — Per  Cent  of  Edible  Flesh  in  Broilers  10  Weeks  of  Age  and 

Roasters  30  Weeks  of  Age 
(Maw,  1933) 


Breed  and  class 

Waste 
as  per 
cent  of 
live 
weight 

Waste 
as  per 
cent  of 
chilled 
dressed 
weight 

Percent 
bones  of 
chilled 
dressed 
weight 

Edible  flesh 

Total  edible 
flesh  and  giblets 

Percent 
of  live 
weight 

Percent 

of 

chilled 

dressed 

weight 

Percent 
of  live 
weight 

Percent 

of 

chilled 

dressed 

weight 

W.  Leghorn  broilers: 

Males . 

33.83 

24.62 

25.78 

37.14 

43.30 

42.62 

49.69 

Females . 

32.69 

22.76 

25.66 

37.84 

44.22 

43.61 

50.95 

B.  P.  Rock  broilers: 

Males . 

29.71 

22.21 

27.13 

38.47 

43.98 

43.77 

50 . 04 

Females . 

30.63 

21.86 

25.33 

39.60 

45.46 

45.19 

51.88 

R.  I.  Red  broilers: 

Males . 

30.40 

21.80 

27.93 

39.01 

44.87 

43.90 

50.49 

Females . 

30.98 

22.05 

27.37 

38.18 

43.82 

44.10 

50.60 

W.  Wyandotte  broilers: 

Males . 

29.38 

22.31 

27.06 

39.60 

44.73 

45.82 

51.76 

Females . 

29.86 

22.87 

23.88 

41.59 

47.16 

47.71 

54.11 

W.  Leghorn  roasters . 

29.01 

19.68 

22.17 

43.39 

52.76 

48.23 

58.64 

B.  P.  Rock  roasters . 

24.81 

16.92 

22.18 

47.99 

55.12 

51.84 

59.33 

R.  I.  Red  roasters . 

24.68 

16.98 

20.72 

49.08 

57.09 

52.79 

61.40 

Buff  Orpington  roasters . . 

24.37 

16.15 

19.44 

50.62 

58.06 

54.30 

62.29 

The  full  drawing  of  poultry  is  being  practiced  in  a  number  of  packing 
plants  and  bids  fair  to  expand  considerably,  provided  there  is  ready 
acceptance  of  the  product  on  the  part  of  the  consumer.  In  order  to 
ensure  the  ready  acceptance  on  the  part  of  the  average  consumer  for 
full-drawn  poultry  it  will  be  necessary  for  the  retailer  to  provide  proper 
storage  conditions  for  the  product. 

In  the  preparation  of  quick-frozen,  full-drawn  poultry  as  carried  out 
in  several  packing  plants  the  process  may  be  described  very  briefly  as 
follows:  The  dressed  undrawn  bird  is  brought  from  the  cooler,  examined 
carefully  for  dressing  defects,  placed  on  a  pan  on  an  endless  conveyor, 
eviscerated  or  drawn,  and  inspected  by  a  federal  inspector  for  any  dis¬ 
eased  condition  that  may  be  apparent  ;  if  passed,  the  head  and  feet  are 
removed,  and  the  giblets  are  washed  and  wrapped  in  parchment  paper 
and  stored  inside  the  bird  after  it  has  been  thoroughly  washed  both 
inside  and  outside.  The  fully  drawn  bird  is  then  wrapped  in  cellophane, 
tied  with  a  brand  ribbon,  and  packed  in  white  fiber  boxes.  Then  it  is 
quick  frozen,  and  the  retailer  ultimately  receives  it  in  the  quick-frozen 
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condition.  The  retailer  should  have  a  refrigerator  display  case  for 
properly  displaying  to  consumers  the  quick-frozen  poultry  products  being 
offered  for  sale. 

Consumer  acceptance  of  quick-frozen,  full-drawn  poultry  will  in  all 
probability  depend  upon  the  quality  and  price  of  the  product  in  relation 
to  the  quality  and  price  of  other  forms  of  dressed  poultry.  Undoubtedly, 
however,  broilers  and  roasters  “ready  for  the  oven”  will  prove  to  have  a 
popular  appeal  in  many  households. 


Fig.  187. — The  boxes  of  full-drawn  poultry  are  placed  in  the  quick-freezing  machine, 
shown  above,  and  are  frozen  solid  in  about  two  hours  at  about  50  degrees  below  zero,  in 
this  particular  case.  The  boxes  of  poultry  are  then  removed  and  placed  in  a  sharp  freezer 
considerably  below  zero,  where  they  are  held  until  being  shipped  to  market.  Quick- 
freezing  tends  to  preserve  the  quality  of  the  flesh.  ( Sherman  White  Company.) 


Canned  Poultry. — The  canning  of  poultry  as  a  method  of  preservation 
in  cans  or  jars  has  gained  considerable  impetus  during  recent  years  and 
includes  the  preparation  of  cooked  whole,  half,  or  disjointed  chicken, 
cooked  poultry  meat  combined  with  other  foods,  and  chicken  soup.  In 
the  canning  of  whole,  half,  or  disjointed  chicken  the  full-drawn  bird  or 
portion  thereof  is  placed  in  a  can  and  then  steam  cooked  under  pressure, 
or  in  some  cases  the  bird  is  roasted  before  being  canned.  Some  packers 
prepare  boneless  canned  chicken  by  cooking  the  birds  and  then  removing 
the  meat,  canning  the  latter  separately  or  in  conjunction  with  such 
foods  as  noodles.  Many  housewives  also  can  chickens,  sometimes  with 
and  sometimes  without  the  bones.  Chicken  soup  in  various  forms  is 
canned  by  packers  as  well  as  by  housewives. 
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Smoked  Poultry. — The  preservation  of  chicken  meat  by  smoking  is 
an  ancient  Chinese  custom  and  is  sometimes  practiced  in  this  country, 
especially  by  the  Indians,  the  same  methods  being  employed  as  in  the 
smoking  of  hams. 

Pickled  Cockscomb. — Pickling  the  combs  of  cocks  is  a  method  of 
preservation  resorted  to  by  the  French,  by  whom  the  product  is  con¬ 
sidered  quite  a  delicacy. 

GRADING  DRESSED  POULTRY 

In  order  to  sell  to  best  advantage,  dressed  poultry  must  be  graded  for 
size,  color,  finish,  and  conformation,  the  uniformity  of  the  birds  in  a  lot 
being  of  great  importance.  Dressed  chickens  are  bought  largely  on  the 
basis  of  their  appearance.  The  Bureau  of  Agricultural  Economics  of  the 
U.  S.  Department  of  Agriculture  has  proposed  tentative  specifications 
for  U.  S.  standards  and  grades  for  dressed  broilers,  fryers,  roasters, 
stags,  cocks,  capons,  and  fowl. 

Classes  of  Dressed  Chickens. — The  definitions  of  the  various  classes 
of  dressed  chickens  indicate  the  approximate  age,  size,  and  fleshing 
qualities. 

Broilers. — Young  chickens,  approximately  8  to  12  weeks  old  of  either 
sex,  of  marketable  age  but  not  weighing  over  234  lb.,  and  sufficiently 
soft  meated  to  be  cooked  tender  by  broiling. 

Fryers. — Young  chickens,  approximately  14  to  20  weeks  old  of  either 
sex,  weighing  more  than  234  lb.  but  not  more  than  334  lb.,  and  suffi¬ 
ciently  soft  meated  to  be  cooked  tender  by  frying. 

Roasters. — Young  chickens,  approximately  5  to  9  months  old,  of 
either  sex,  weighing  over  334  lb.,  and  sufficiently  soft  meated  to  be 
cooked  tender  by  roasting. 

Stags. — Male  birds,  of  any  weight  or  age  under  maturity,  with  flesh 
slightly  darkened  and  toughened,  and  with  comb  and  spur  development 
showing  the  bird  to  be  between  roasters  and  cocks  in  age. 

Cocks. — Mature  male  birds  of  any  weight,  with  darkened  and  tough¬ 
ened  flesh. 

Capons. — Unsexed  male  birds  weighing  over  4  lb.,  usually  7  to  10 
months  old,  and  with  soft  and  tender  flesh. 

Slips. — Incompletely  caponized  male  birds,  weighing  over  4  lb., 
with  comb,  spur,  and  flesh  development  similar  to  that  of  stags. 

Fowl. — Mature  female  birds  of  any  age  or  weight. 

Descriptive  Terms  of  Quality  Factors. — Certain  descriptive  terms 
dealing  with  various  quality  factors  indicate  the  desirable  and  undesir¬ 
able  characteristics  that  determine  the  basis  for  grading  the  chickens 
belonging  to  different  classes. 
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Full-fleshed. — Plump  broad-breasted  birds,  with  thighs,  back,  and 
breast  well  covered  with  fat,  and  all  bones  covered  with  thick  layers  of 
flesh. 

Well- fleshed. — Birds  with  considerable  sized  breasts,  with  some  fat 
covering  over  thighs  and  back. 

Poorly  fleshed. — Birds  with  narrow  breasts  and  muscles,  with  thighs 
and  backs  showing  dark  from  absence  of  fat. 


Fig.  188. — Showing  the  front  view  from  left  to  right  of  a  White  Leghorn,  Barred  Ply¬ 
mouth  Rock,  Rhode  Island  Red,  and  Buff  Orpington  dressed  carcasses  of  cockerels  at 
26  weeks  of  age.  {Maw,  1933.) 


Uniform  yack  and  color. — Light-colored  and  yellow  birds  packed 
separately,  packages  to  contain  either  all  light-  or  all  heavy-breed  birds; 
packages  and  paper  linings  uniform  in  size,  shape,  and  color. 

Poorly  hied. — Birds  showing  red  pin  marks  on  breast,  thighs,  or  wing 
tips  or  skin  reddened  from  blood  clots. 

Deformities. — Birds  having  hunchbacks,  crooked  breasts,  or  other 
serious  condition  unnatural  to  normal,  healthy  birds. 

Slight  deformities. — Birds  having  dented  or  notched  breasts,  crooked 
backs,  or  misshapen  legs  or  wings. 
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Skin  abrasions. — Reddened  or  bruised  outer  skin  caused  by  rubbing 
or  rough  handling. 

Skin  bruises. — A  bruise  of  the  skin  sufficient  so  that  blood  clot  has 
formed  underneath. 

Flesh  bruise. — A  bruise  extending  through  the  skin  and  into  the  flesh 
of  the  bird. 


Fig.  189. — Showing  the  side  view  from  left  to  right  of  a  White  Leghorn,  Barred  Ply¬ 
mouth  Rock,  Rhode  Island  Red,  and  Buff  Orpington  dressed  carcasses  of  cockerels  at 
26  weeks  of  age.  (Maw,  1933.) 

Dressing  defects. — Pinfeathers  scattered  more  or  less  over  the  entire 
carcass;  incomplete  bleeding,  if  shown  in  places  other  than  the  wing  tips; 
a  cut  or  tear  2  in.  or  more  in  length  or  more  than  one  cut  of  any  length; 
skin  abrasion  of  more  than  2  in.  in  diameter,  or  more  than  one  abrasion  of 
any  diameter;  broken  leg,  wing,  or  other  bone  in  edible  part  of  carcass; 
feed  in  crops;  dirty  feet,  bodies,  or  vents. 

Slight  dressing  defects. — Few  scattered  pinfeathers  on  breast  or  back; 
blood  spots  in  wing  tips;  one  cut  or  tear  less  than  2  in.  in  length;  one 
skin  abrasion  less  than  2  in.  in  diameter;  one  broken  leg  (broken  below 
knee)  or  a  broken  wing  tip. 
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Fig.  190. — Showing  remarkably  well  fleshed  and  finished  roasters,  being  pullets  pro¬ 
duced  by  a  cross  between  Cornish  and  Barred  Plymouth  Rock.  (Maw,  1933.) 
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Well-dressed. — All  conditions  under  Dressing  Defects  or  Slight  Dress¬ 
ing  Defects  excluded. 

Slight  comb  or  spur  development. — Birds  that  have  taken  on  the 
appearance  of  maturity;  have  comb  growth  pronounced  but  not  fully 
developed;  spurs  developing  but  soft. 

Edible  birds. — Any  birds  free  from  disease  or  other  condition  that 
renders  them  unwholesome  for  human  food. 

Judging  Dressed  Poultry. — The  judging  of  dressed  chickens  is  good 
practice  in  order  to  acquaint  one  with  the  relative  importance  of  the  more 
important  factors  determining  quality.  The  accompanying  score  cards 
are  used  at  many  institutions. 


Item  scored 

Points 

Cuts 

Remarks 

General  appearance: 

Freedom  from  blemishes . 

10 

Freedom  from  deformities . 

5 

Method  of  bleeding . 

5 

Freedom  from  feathers  and  down . 

5 

Size . 

5 

Cleanliness . . 

10 

Condition  and  quality: 

Plumpness . 

30 

Finish . 

10 

Skin  texture . 

10 

Well  bled . 

5 

Color . 

5 

Total . 

100 

Fig.  191. — Score  card  for  judging  individual  dressed  chickens. 


Item  scored 

Points 

Cuts 

Remarks 

General  appearance: 

Freedom  from  blemishes . 

10 

Freedom  from  deformities . 

5 

Uniformity . 

10 

Package  appearance . 

10 

Condition  and  quality: 

Plumpness . 

30 

Finish . 

10 

Skin  texture . 

10 

Uniformity  of  size  and  color . 

10 

Color . 

5 

Total . 

100 

Fig.  192. — Score  card  for  judging  box-packed  chickens. 


Table  57. — Tentative  Specifications  for  U.  S.  Standards  and  Grades  for  Dressed  Broilers,  Fryers,  and  Roasters 
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Table  58. — Tentative  Specifications  for  U.  S.  Standards  and  Grades  for  Stags,  Cocks, 


POULTRY-MARKETING  PROBLEMS  461 


Table  59. — Tentative  Specifications  for  U.  S.  Standards  and  Grades  for  Dressed  Fowl 
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Table  60. — Tentative  Specifications  for  U.  S.  Standards  and  Grades  for 
Dressed  and  Drawn  Broilers,  Fryers,  and  Roasters 


U.  S.  grades 

Specifications  for  individual  birds 

U.  S.  Special 
or  U.  S. 
Grade  AA 

Young,  fine-grained,  soft-meated  birds  with  broad  full-fleshed  breast, 
the  entire  carcass  fully  covered  with  fat  and  with  skin  soft  and  glossy 
lying  close  to  the  flesh.  Must  be  well  bled,  well  dressed,  and  free  of 
pinfeathers.  No  flesh  or  skin  bruises  allowed,  and  only  slight  skin 
abrasions  or  discolorations  permitted,  none  of  which  shall  be  on  the 
breast.  No  crooked  breasts  or  other  deformities  allowed.  A  broken 
wing  above  the  wing  tip  or  a  broken  leg  not  permitted.  Must  be  dry- 
picked  or  semiscalded,  dry  packed,  and  dressed  in  a  manner  approved 
by  the  Bureau  of  Agricultural  Economics 

U.  S.  Prime  or 
U.  S.  Grade 
A 

Young,  soft-meated  birds,  with  well-fleshed  breast,  the  entire  carcass 
well  covered  with  fat,  and  with  soft  glossy  skin.  Must  be  well  bled, 
well  dressed,  and  practically  free  of  pinfeathers.  No  flesh  bruises 
that  cannot  be  removed  without  injury  to  the  flesh  permitted.  Slight 
skin  bruises,  abrasions,  or  discolorations  permitted,  with  breasts 
practically  free  of  such  defects.  Slightly  curved  but  no  crooked 
breasts  or  other  deformities  allowed.  One  broken  wing  permitted  if 
bone  does  not  protrude  through  the  flesh  or  if  protruding  bone  has 
been  removed  provided  flesh  is  not  bruised.  Must  be  dry  picked  or 
semiscalded,  dry  packed,  and  dressed  in  a  manner  approved  by  the 
Bureau  of  Agricultural  Economics 

U.  S.  Choice 
or  U.  S. 
Grade  B 

Young,  soft-meated  birds,  with  fairly  well-fleshed  breast,  and  with 
carcass  fairly  well  covered  with  fat.  Must  be  fairly  well  bled  and 
dressed  and  may  show  few  scattered  pinfeathers  over  the  entire  car¬ 
cass.  Slight  flesh  or  skin  bruises,  abrasions,  or  discolorations  per¬ 
mitted.  Abrasions  or  tears  over  3  in.  in  diameter  not  allowed  except 
on  the  back  or  wings  unless  properly  sewn  up.  Dented  or  slightly 
crooked  breastbones  or  other  slight  deformities  permitted.  Broken 
wings  or  one  broken  leg  in  the  flesh  permitted.  Must  be  dry  picked 
or  semiscalded,  dry  packed,  and  dressed  in  a  manner  approved  by  the 
Bureau  of  Agricultural  Economics 

U.  S.  Com¬ 
mercial  or 
U.  S. 

Grade  C 

Young  birds  with  poorly  fleshed  breast  and  with  carcass  poorly  covered 
with  fat.  May  show  evidence  of  poor  bleeding  and  have  numerous 
pinfeathers  over  the  entire  carcass.  Abrasions  and  discolorations 
permitted,  and  hunchbacks  or  other  deformities  allowed  if  birds  are 
fairly  well  fleshed.  Birds  badly  bruised  so  as  to  make  any  appreciable 
part  of  the  carcass  inedible  or  birds  emaciated  or  showing  external 
evidence  of  disease  not  permitted.  Must  be  dry  picked  or  semiscaled, 
dry  packed,  and  dressed  in  a  manner  approved  by  the  Bureau  of 
Agricultural  Economics 
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Most  exhibits  of  dressed  poultry  are  comprised  of  birds  packed  in 
boxes,  the  uniformity  of  the  birds  in  a  box  being  a  very  important  matter 
as  well  as  the  style  of  packing  the  birds  in  a  box. 

Cutting  for  defects  in  the  various  sections  should  be  determined  by 
the  total  number  of  points  for  each  section  and  by  the  seriousness  of 
each  defect. 

U.  S.  Grades  of  Chickens. — The  following  tentative  U.  S.  grades  of 
chickens  have  been  established: 

U.  S.  Special  or  U.  S.  Grade  A  A. — Commercially  perfect  specimens  of 
any  class. 

U.  S.  Prime  or  U.  S.  Grade  A. — The  second  highest  grade. 

U.  S.  Choice  or  U.  S.  Grade  B. — The  third  highest  grade. 

U.  S.  Commercial  or  U.  S.  Grade  C. — The  lowest  grade  of  edible 
chickens. 


PACKING  DRESSED  POULTRY 

Various  styles  and  sizes  of  baskets,  barrels,  and  boxes  are  used 
for  shipping  dressed  chickens  to  market.  Boxes  include  cardboard 
boxes  for  parcel-post  shipping  and  wooden  ones  for  freight  and  express 
shipments.  Baskets  are  used  for  parcel-post  shipments;  and  barrels, 
for  freight  and  express  shipments  of  dressed  poultry. 


Standard  Sizes — Six  Birds  per  Box — Each  Bird  Wrapped  in  Cellophane 


Class 

Weight  equivalents  for 
12  birds  not  drawn,  lb. 

Length,  width,  and 
depth,  net  inside,  inches 

Broilers . 

17-20 — Broilers 

12%  X  9  X  33d 

Broilers . 

21-24 — Broilers 

13 3d  X  9%  x  s% 

Broilers . 

25-30 — Broilers 

143d  x  10  X  4 

Fryers . 

31-36 — Fryers 

15  X  10%  X  4% 

Fryers . 

37-42 — Fryers 

16  X  113d  X  4% 

Roasters . 

43-47 — Roasters 

17  X  11%  X  4% 

Roasters . 

48-54 — Roasters 

17%  X  12 %  X  5 

Roasters . 

55-59 — Roasters 

18  X  12%  X  5 

Roasters . 

60-65 — Roasters 

19  X  13  X  53d 

Roasters . 

66-71 — Roasters 

193d  X  133d  X  53d 

Roasters . 

72  and  up 

20  X  133d  X  5% 

Fowl . 

Up  to  29 — Fowl 

None  drawn 

Fowl . 

30-35— Fowl 

15%  X  10  X  4 

Fowl . 

36-42 — Fowl 

16  X  10%  X  4% 

Fowl . 

43-47 — Fowl 

17  X  11  X  4% 

Fowl . 

48-54 — Fowl 

17%  X  113d  X  5 

Fowl . 

55-59— Fowl 

183d  X  11%  X  5% 

Fowl . 

60-65 — Fowl 

19  X  123d  X  53d 

Fowl . 

66-71 — Fowl 

None  drawn 

Fowl . 

72  and  up — Fowl 

None  drawn 
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Baskets. — Splint  baskets  are  sometimes  used  for  shipping  one  or 
more  dressed  chickens  by  parcel  post.  Drop  handles  should  be  used,  and 
corrugated  paper  board  should  line  the  inside  of  the  basket. 

Barrels. — Barrels  are  sometimes  employed  for  shipping  large  numbers 
of  dressed  chickens,  usually  of  the  lower  grades,  either  by  express  or  by 
freight.  The  barrel  method  of  packing  is  being  rapidly  supplanted  by 
the  box  method. 


served  that  no  odors  of  any  kind 
are  on  the  packing  materials  because 
poultry  absorbs  odors  readily.  The 
boxes  should  be  rigid  enough  to 
stand  rather  rough  handling.  All 
parcel-post  shipments  should  be 
marked  “  Poultry — Perishable.” 

Paper  or  fiber  boxes  are  being  used 
successfully  for  shipping  quick- 
frozen,  full-drawn  chickens. 

The  sizes  of  corrugated  boxes 
are  recommended  by  the  National  Container  Association  for  packing 
full-drawn  poultry  as  shown  in  the  table  on  p.  464. 

Wood  Boxes. — Most  of  the  dressed  chickens  sold  annually  are  packed 
in  wooden  boxes,  6  or  12  to  a  box.  The  size  of  the  box  is  determined 
by  the  size  of  the  chicken  to  be  packed.  Its  shape  is  determined  by  the 
style  of  the  pack,  whether  in  a  single  layer  of  two  rows  or  in  two  layers, 
the  single  layer  being  more  desirable. 

The  method  of  packing  generally  used  is  to  place  a  single  layer  of 
chickens  in  the  box  with  breasts  up,  the  fleshing  being  shown  to  best 
advantage.  The  most  compact  method  of  packing  is  the  double-layer, 
side-pack  method,  but  it  has  the  objection  that  when  the  box  is  opened 
the  lower  layer  of  birds  cannot  be  seen.  The  single-layer  side  pack 
method  is  used  to  only  a  limited  extent. 


Fig.  193. — Dressed  fowl  and  broilers  packed 
in  boxes.  ( U .  S.  Egg  and  Poultry  Mag.) 


Paper  Boxes. — Corrugated  paper-board  boxes  are  commonly  used  in 
shipping  dressed  chickens  by  parcel 
post.  Each  box  should  be  of  the 
proper  size  for  the  size  of  chicken 
to  be  shipped.  Chickens  are  usu¬ 
ally  shipped  singly  or  in  pairs  and 
each  bird  should  be  carefully 
wrapped  in  parchment  paper,  after 
the  head  and  feet  have  been  sepa¬ 
rately  wrapped.  The  chickens 
should  be  cooled  thoroughly  before 
being  wrapped  and  packed  for  ship¬ 
ment.  Strict  care  should  be  ob- 
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The  heads  of  the  chickens  are  wrapped  separately,  and  frequently 
birds  of  superior  quality  are  wrapped  individually  in  waxed  or  water- 
finished  fiber  paper.  The  boxes  should  be  lined  with  parchment  or  wax- 
coated  paper.  Some  packers  use  a  waterproof,  asphalt-centered  paper 
lining,  which  tends  to  prevent  desiccation  during  storage.  The  practice 
of  labeling  each  bird  with  an  attractive  label  is  increasing,  especially  for 
the  better  grades  of  chickens.  Shredded  wax  paper,  or  shredded  colored 
celophane  is  sometimes  used  to  fill  up  the  spaces  between  the  birds,  a 
practice  that  adds  to  the  attractiveness  of  the  pack. 

The  boxes  should  be  properly  stenciled,  stating  the  kind  and  number 
of  chickens;  the  grade;  the  weight  class;  and  the  gross,  tare,  and  net 
weights.  Frequently  much  of  this  information  is  given  in  the  form  of  a 
code. 

METHODS  OF  MARKETING  DRESSED  POULTRY 

The  methods  of  marketing  dressed  poultry  are  much  the  same  as 
those  of  marketing  live  poultry  and  vary  all  the  way  from  the  direct-to- 
consumer  to  a  very  complicated  method  involving  the  reselling  of  the 
birds  several  times  before  they  reach  the  consumer.  Dressed  chickens 
are  shipped  by  express,  in  refrigerated  cars  and  trucks,  and  may  be 
handled  by  a  receiver  or  commission  merchant,  a  broker,  a  jobber,  and  a 
retailer. 

Shipping  by  Express. — Sometimes  dressed  chickens  are  shipped  in 
small  lots  by  express,  particularly  when  the  producer  sells  directly  to 
the  consumer. 

Shipping  in  Refrigerator  Cars. — Standardized  refrigerator  cars  have 
been  constructed  in  which  refrigeration  is  accomplished  by  means  of  ice 
placed  in  ice  bunkers  at  the  end  of  each  car  and  by  means  of  a  mechanical- 
compression  system  of  refrigeration. 

Refrigeration  with  ice  involves  using  broken  or  crushed  ice  in  the 
bunkers  which  are  so  designed  that  the  cold  air  from  the  melting  ice  sinks 
and  passes  out  into  the  car,  forcing  the  warmer  air  in  the  car  upward  and 
toward  the  ice  bunkers  where  it  is  again  cooled.  From  5  to  12  per  cent 
salt  is  mixed  with  the  ice  to  keep  the  temperature  of  the  car  at  about  15  to 
20°F.  In  warm  weather  the  refrigerator  car  should  be  chilled  before  it  is 
loaded,  and  ice  and  salt  should  be  added  every  2  or  3  days.  For  chilling 
before  loading,  a  portable  precooling  apparatus  connected  with  brine 
pipes  or  direct  ammonia  lines  has  been  found  quite  satisfactory. 

In  the  mechanical-compression  system  of  refrigeration,  power  is 
supplied  from  the  axle  when  the  car  is  in  motion,  brine  tanks  being  a  part 
of  the  equipment.  When  the  refrigerator  car  is  standing  still,  electric 
current  must  be  obtained  from  an  available  source  in  order  to  drive  the 
motor.  Mechanical  refrigeration  is  also  accomplished  in  some  cars  by 
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using  Diesel  engines  which  run  continuously,  the  refrigeration  system 
coming  into  action  as  the  temperature  may  require. 

Refrigerator  cars  should  be  kept  clean  and  sanitary  at  all  times,  and 
the  doors  should  fit  tightly. 

Shipping  in  Refrigerator  Trucks. — The  principal  of  refrigeration  in 
trucks  is  the  same  as  in  mechanically  refrigerated  cars. 

Terminal -marketing  Methods. — The  distribution  of  dressed  poultry 
after  it  arrives  at  a  large  terminal  market  is  not  nearly  so  complicated  as 
that  of  live  poultry.  Relatively  small  quantities  of  dressed  chickens  are 
shipped  direct  from  producer  to  consumer.  Considerable  quantities  are 
shipped  by  producers  to  wholesale  receivers  or  commission  merchants, 
who  may  sell  direct  to  retailers;  or  the  shipment  may  be  handled  by  a 
broker  or  a  jobber.  The  wholesale  receiver  buys  and  sells  the  shipment, 
whereas  the  commission  merchant  operates  on  a  commission  basis. 
Brokers  assist  shippers  and  buyers  in  finding  a  market  for  the  prod¬ 
uct.  The  jobber  supplies  the  retailer’s  needs.  The  retailer  sells  to  the 
consumer  and  is  responsible  to  a  large  extent  for  the  quality  and  appear¬ 
ance  of  dressed  chickens  as  they  are  finally  delivered  to  the  consumer. 
The  temperature  of  display  containers  should  be  maintained  below 
40°F.,  but  for  quick-frozen  poultry  much  lower  temoeratures  should  be 
maintained. 


FACTORS  AFFECTING  POULTRY  PRICES 

As  in  the  case  of  eggs,  so  in  the  case  of  poultry,  the  law  of  supply 
and  demand  is  effective  to  a  considerable  extent  in  determining  prices, 
although  the  relative  price  of  other  meats  sometimes  plays  a  part.  The 
quality  of  poultry  is  also  an  important  factor.  The  great  bulk  of  the 
chickens  is  marketed  each  year  in  the  fall  and  winter  months,  especially 
just  prior  to  Thanksgiving  and  Christmas.  Broilers,  however,  reach  the 
market  every  month  in  the  year,  the  heaviest  shipments  being  made  from 
April  to  August.  Prices  of  fowl  remain  fairly  constant  throughout  the 
year,  whereas  prices  of  broilers  fluctuate  widely,  the  prices  from  February 
to  June,  inclusive,  usually  being  higher  than  at  other  times.  At  the  same 
time,  there  has  been  a  tendency  during  recent  years  for  broiler  prices  to 
remain  more  steady  throughout  the  year  than  was  the  case  a  decade  ago. 

In  an  economic  survey  of  the  live-poultry  industry  in  New  York  City 
conducted  by  the  U.  S.  Department  of  Agriculture,  it  was  found  that  there 
is  a  tendency  for  the  relationship  between  dressed-  and  live-poultry  prices 
to  remain  at  approximately  the  same  levels  throughout  the  year.  It  was 
further  found  that  prices  paid  to  producers  are  closely  associated  with 
wholesale  prices  and  prices  paid  by  consumers. 

Since  New  York  City  is  the  largest  live-poultry  market  in  the  country, 
it  is  interesting  to  observe  the  manner  in  which  daily  live-poultry  quota- 
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tions  are  established  in  this  market.  A  representative  of  the  price¬ 
quoting  agency  makes  contacts  with  buyers  and  sellers  at  the  freight 
terminal  of  the  New  York  Central  Railroad.  Offers  to  sell  and  offers  to 
buy  various  classes  and  grades  of  live  poultry  are  considered  for  about 
30  min.,  as  the  result  of  which  the  daily  quotation  is  usually  established. 
One  of  the  inherent  difficulties  of  this  system  of  quoting  prices  is  that 


DRESSED  POULTRY,  BY  CLASSES, AT  NEW  YORK  CITY; 
AVERAGE  MONTHLY  WHOLESALE  PRICES,  1921-32 


Fig.  194. — Poultry  is  marketed  in  largest  volume  toward  the  close  of  the  year.  The 
effect  of  this  increase  in  marketing  is  shown  in  the  seasonal  trend  of  prices.  In  May, 
broilers  are  scarce  and  prices  are  high,  but  prices  fall  rapidly  as  the  season  advances  and 
the  supply  increases.  The  same  is  true  of  the  other  two  classes  of  young  poultry,  fryers 
and  roasters.  Roasters  are  the  heaviest  of  the  young  chickens,  and  those  which  are  not 
sold  as  fryers  or  broilers  eventually  become  either  roasters  or  later  cocks.  After  the  first 
of  the  year  the  volume  of  marketings  declines  and  prices  rise.  Roasters,  however,  become 
“staggy  ”  as  they  advance  in  age,  and  prices  decline  after  the  first  of  the  year  approaching 
the  level  of  prices  for  cocks.  Fowl  are  sold  in  considerable  volume  all  the  year,  but  the 
season  of  fowl  marketing  is  low  during  the  spring  months  when  egg  production  is  highest, 
and  fowl  prices  are  highest  during  those  months.  Culling  of  laying  flocks  increases  fowl 
marketings  and  depresses  prices  in  June  and  July.  At  the  close  of  the  year  pullets  are  sub¬ 
stituted  for  fowl  in  the  laying  flocks,  fowl  marketings  are  again  heavy,  and  prices  are 
again  depressed. 


few  transactions  are  repprted  which  serve  as  a  basis  for  price  quotations. 
Nevertheless,  the  prices  paid  to  producers  whose  live  poultry  is  shipped 
from  surplus-producing  areas  to  the  New  York  City  market  is  closely 
associated  with  the  prices  paid  at  wholesale  and  by  consumers  in  New 
York  City. 

POULTRY-CONSUMPTION  PROBLEMS 

Many  factors  affect  the  consumption  of  poultry  meat,  some  of  the 
most  important  being  the  family  income,  the  actual  price,  the  price  in 
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relation  to  other  meats,  preference  for  poultry  meat  because  of  religious 
beliefs,  the  quality,  including  flavor,  and  the  ease  with  which  poultry 
as  purchased  can  be  prepared  for  consumption.  Estimates  of  the  average 
per  capita  consumption  of  poultry  meat  in  the  United  States  indicate 
that  during  the  past  decade  about  20  lb.  were  consumed  annually.  It 
seems  quite  certain,  however,  that  more  poultry  mean  is  consumed  per 
person  in  the  country  than  in  the  cities. 

From  a  survey  of  the  consumption  of  poultry  in  New  York  City 
conducted  by  the  U.  S.  Department  of  Agriculture  it  was  found  that  the 

CHICKENS:  PRICES  RECEIVED  BY  PRODUCERS.  CENTS  PER  POUND 
ABOVE  OR  BELOW  10-YEAR  AVERAGE, 15TH  DAY  OF  MONTH 


Fig.  195. — Prices  received  by  producers  of  chickens  declined  very  rapidly  after  1929, 
but  also  started  to  rise  early  in  1933.  In  1934  the  hatch  was  small,  poultry  supplies  were 
further  reduced  by  sale  at  light  weights,  due  to  drought,  and  prices  advanced  rapidly. 
In  1936  the  hatch  was  very  large  and  again  there  was  heavy  sales  of  poultry  under  pressure 
of  drought,  but  in  this  instance  the  large  supplies  available  for  sale,  together  with  a  very 
large  volume  of  turkeys,  were  sufficient  to  drive  chicken  prices  to  lower  levels.  The  large 
stocks  of  dressed  poultry  in  cold  storage  were  sufficient  to  continue  the  price-depressing 
effect  of  larger  supplies  even  after  the  peak  of  marketing  had  passed.  ( U .  S.  Dept.  Agr.) 


family  income  is  an  important  factor  in  determining  whether  or  not  any 
poultry  meat  is  purchased  and,  if  so,  the  quantity  purchased.  Only 
about  one-third  of  the  families  having  an  average  weekly  income  of  $10 
purchased  any  poultry;  about  one-half  of  the  families  having  an  average 
weekly  income  of  $20  purchased  any  poultry;  about  two-thirds  of  the 
families  having  an  average  weekly  income  of  $40  purchased  any  poultry ; 
among  families  receiving  more  than  $40  per  week  there  was  a  very  slight 
increase  in  the  proportion  of  families  that  purchased  poultry  as  the  family 
income  was  increased.  Probably  the  greatest  relative  increase  in  the 
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consumption  of  poultry  in  cities  would  result  from  an  increase  in  the 
average  weekly  income  of  families  receiving  less  than  $40  per  week. 

It  was  also  found  that  as  the  average  weekly  family  income  was 
increased,  more  pounds  of  poultry  per  family  were  purchased.  Although 
the  average  size  of  the  family  was  found  to  have  little  influence  on  the 
proportion  of  families  purchasing  poultry,  more  pounds  of  poultry  were 
purchased  as  the  size  of  the  family  was  greater,  on  the  average.  Varia¬ 
tions  in  price  were  found  to  be  much  more  effective  in  influencing  the 
proportion  of  families  that  purchased  poultry  than  in  the  amount  of 
poultry  bought  by  families  that  purchased.  In  other  words,  those 
families  which  made  a  practice  of  purchasing  poultry  purchased  about  the 


Fig.  196. — Quick-frozen,  full-drawn  chickens  are  meeting  with  ready  acceptance  on  the 

part  of  consumers.  ( Fairmont  Creamery  Co.) 

same  amount  from  time  to  time,  to  a  certain  extent,  regardless  of  price, 
family  income,  or  size  of  family. 

The  consumption  of  poultry  meat  is  influenced  to  a  considerable 
extent,  especially  in  certain  cities,  by  the  number  of  people  of  the  Jewish 
faith,  a  higher  proportion  of  whom  buy  poultry  than  is  the  case  among 
other  races.  In  the  New  York  City  survey  it  was  found  that  95  per  cent 
of  Jewish  purchasers  of  poultry  bought  live  poultry,  whereas  85  per  cent 
of  the  non-Jewish  purchasers  bought  dressed  poultry.  About  72  per 
cent  of  the  Jewish  purchases  of  poultry  was  made  on  Thursday  and 
Friday,  whereas  about  67  per  cent  of  the  purchases  made  by  other  nation¬ 
alities  was  on  Saturday.  Chicken  is  a  very  popular  food  among  Jews 
on  their  many  holidays,  a  list  of  which  is  given  in  Table  61. 

The  quality  of  poultry  meat  is  an  important  factor  affecting  its  con¬ 
sumption,  poorly  finished  scrawny  birds  that  lack  flavor  tending  to 
decrease  consumption.  Well  finished,  plump,  fresh-killed  poultry  is 
always  in  popular  demand.  It  has  been  pointed  out  in  the  chapter  on 
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Table  61. — Dates  of  Jewish  Holidays  from  1939  to  1943,  Inclusive 

(Swift  and  Company,  1937) 


Name  of  holiday 

1939 

1940 

1941 

1942 

1943 

Purim . 

Mar.  5 

Feb.  23 

Mar.  13 

Mar.  3 

Feb.  19 

Passover . 

Apr.  4  to 

Apr.  23  to 

Apr.  12  to 

Apr.  2  to 

Apr.  20  to 

Apr.  11 

Apr.  30 

Apr.  19 

Apr.  9 

Apr.  27 

Feast  of  Weeks . 

May  24,  25 

June  12,  13 

June  1,  2 

May  22,  23 

June  9,  10 

Tishah  b’ab . 

July  25 

Aug.  13 

Aug.  2 

July  23 

Aug.  10 

Rosh  Hashana . 

Sept.  14,  15 

Oct.  3,  4 

Sept.  22,  23 

Sept.  12.  13 

Sept.  30  to 

Oct.  1 

Yom  Kippur . 

Sept.  23 

Oct.  12 

Oct.  1 

Sept.  21 

Oct.  9 

Feast  of  Tabernacles . 

Sept.  28  to 

Oct.  17  to 

Oct.  6  to 

Sept.  26  to 

Oct.  14  to 

Oct.  4 

Oct.  23 

Oct.  12 

Oct.  2 

Oct.  20 

Shmini  Azereth . 

Oct.  5 

Oct.  24 

Oct.  13 

Oct.  3 

Oct.  21 

Simhath  Torah . 

Oct.  6 

Oct.  25 

Oct.  14 

Oct.  4 

Oct.  22 

Hanukkah . 

Dec.  7  to 

Dec.  25  to 

Dec.  15  to 

Dec.  4  to 

Dec.  22  to 

Dec.  14 

Jan.  1 

Dec.  22 

Dec.  11 

Dec.  29 

feeding  practices  that  the  kind  of  diet  affects  the  fleshing  and  the  palata- 
bility  of  the  flesh.  In  cooking  tests  conducted  at  Macdonald  College  it 


Fig.  197.— Many  housewives  prefer  to  purchase  fresh-killed  poultry  cut-up  ready  for 
frying,  particularly  “a  la  Maryland.”  (U.  S.  Egg  and  Poultry  Mag.) 

was  found  that  the  degree  of  fleshing,  as  between  well-fleshed,  reasonably 
well  fleshed,  and  fairly  well  fleshed  birds,  bore  a  direct  relation  to  the 
relative  amount  of  edible  meat  and  fat  in  the  carcass.  The  greater 
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evaporated  moisture  loss  in  cooking  the  poorer  grades  resulted  in  a  drier 
meat. 

The  quick-freezing  of  full-drawn  poultry  bids  fair  to  lead  to  an  increase 
in  the  per  capita  consumption  of  poultry  meat,  because  of  its  being  “  ready 
for  the  oven”  and  because  quick  freezing  tends  to  conserve  the  quality 
and  flavor  of  the  poultry  at  killing  time.  The  ease  with  which  it  can  be 
prepared  for  consumption  is  an  important  factor  in  influencing  the  mod¬ 
ern  housewife  to  purchase  poultry. 

MARKETING  BY-PRODUCTS 

The  by-products  of  the  chicken  industry  include  principally  certain 
endocrine  glands,  feathers,  and  manure,  all  of  which  have  considerable 
value,  and  dead  birds  and  offal  from  poultry  packing  and  canning  plants. 
The  principal  source  of  the  commercial  feather  supply  is  the  poultry 
packing  plant,  since  the  number  of  chickens  killed  at  home  is  relatively  so 
few  that  the  amount  of  feathers  obtainable  is  very  limited.  Chicken 
manure  produced  at  home  is  usually  applied  directly  to  the  land,  while 
that  collected  in  poultry  packing  plants  is  sometimes  specially  prepared 
as  fertilizer.  In  packing  plants,  dead  birds  and  offal  and  blood-soiled 
feathers  are  often  added  to  the  manure  in  the  preparation  of  fertilizer. 
Chicken  blood  from  packing  houses  is  sometimes  mixed  with  hog  feed. 

Endocrine  Glands. — The  practice  has  been  developed  recently  in  some 
of  the  dressing  and  packing  plants  of  salvaging  some  of  the  endocrine 
glands,  which  are  the  ductless  glands  of  the  body  which  produce  certain 
hormones.  The  physiological  effects  produced  by  some  of  these  hormones 
have  been  discussed  in  the  earlier  chapters  of  this  book.  The  endocrine 
glands  include  the  pituitary,  thyroid,  parathyroid,  adrenal,  gonads,  and 
pancreas,  and  some  of  them  are  being  removed  and  prepared  for  biological 
use.  It  is  possible  that  they  may  have  distinct  commercial  value. 

Feathers. — Although  feathers  are  a  by-product  of  the  chicken  indus¬ 
try,  they  have  extensive  uses,  especially  in  the  manufacture  of  millinery 
specialties  and  in  the  making  of  pillows,  cushions,  mattresses,  dusters, 
artificial  flowers,  and  for  other  purposes.  The  various  kinds  of  feath¬ 
ers,  such  as  wing  and  tail,  body,  white,  colored,  dry  plucked,  scalded, 
clean,  and  dirty,  should  be  kept  separate.  Feathers  are  stored  in  large, 
well-ventilated  rooms  where  they  are  stirred  daily  until  thoroughly  dried 
or  they  are  dried  by  a  specially  constructed  drying  machine  when  the 
chickens  are  dry  plucked,  the  feathers  being  collected  from  the  floor  or 
from  boxes  by  means  of  suction  pipes.  Where  the  chickens  are  slack 
scalded,  the  feathers  are  run  through  a  presser  to  press  out  much  of  the 
water  and  are  then  transformed  to  the  drying  machine. 

White  feathers  are  worth  much  more  than  colored  ones,  but  all  have 
a  market  value. 
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Manure. — Chicken  manure  is  of  considerable  value  as  a  fertilizer 
because  it  contains  nitrogen,  potash,  and  phosphoric  acid.  It  is  richer  in 
plant  food  constituents  than  that  of  other  farm  animals.  It  has  been 
estimated  that  100  hens  averaging  5  lb.  each  in  weight  will  produce  in 
one  year  approximately  4,250  lb.  of  manure  containing  43  lb.  of  nitrogen, 
16  lb.  of  potash,  and  34  lb.  of  'phosphoric  acid. 

The  average  plant-food  content  of  chicken  manure  has  been  given 
as  follows:  nitrogen,  1.44  per  cent;  potash,  0.39  per  cent;  phosphoric 
acid,  0.99  per  cent.  When  chicken  manure  is  collected  in  considerable 
quantities  it  should  be  stored  in  a  covered  shed  or  box  and  is  better  if 
mixed  with  some  absorbent  material  such  as  straw,  peat,  or  loam.  Add¬ 
ing  acid  phosphate  to  the  manure  tends  to  reduce  the  loss  of  nitrogen, 
because  the  acid  phosphate  combines  with  the  ammonia  as  it  is  formed 
and  produces  nonvolatile  salt  of  ammonia.  For  this  reason  acid  phos¬ 
phate  is  a  good  substance  to  sprinkle  on  droppings  boards. 

Poultry  manure,  because  of  the  high  availability  of  its  nitrogenous 
content,  may  be  used  in  place  of  nitrate  of  soda  around  apple  trees  or  in 
place  of  either  nitrate  of  soda  or  mixed  fertilizers  for  top-dressing  hay 
land.  It  is  also  suitable  for  general  farm  crops  and  market-garden  crops. 
Single  applications  should  not  exceed  2  to  3  tons  per  acre,  both  because 
of  danger  of  burning  the  crop  or  giving  it  an  overration  of  nitrogen  and 
on  account  of  probability  of  heavy  loss  by  leaching. 

Dead  Birds  and  Offal. — Dead  birds  accumulating  in  poultry  packing 
plants  are  utilized  in  making  fertilizer  and  soap.  The  practice  is  increas¬ 
ing  of  “ drawing’ ’  poultry  in  the  more  important  areas  of  production 
before  shipping  the  finished  product  to  the  more  important  centers  of 
consumption.  This  means  that  larger  quantities  of  offal  are  collected 
in  the  Middle  West  than  formerly,  with  the  result  that  practical  means 
are  being  developed  whereby  the  offal  may  be  converted  into  fertilizer 
most  economically.  The  same  thing  is  being  done  at  many  of  the 
poultry-canning  plants  located  in  different  parts  of  the  country. 

Eggshells,  Infertile  Eggs,  and  Dead  Embryos. — These  are  by-prod¬ 
ucts  of  the  commercial  hatchery  business  and,  taken  in  their  aggregate 
for  the  country  as  a  whole,  reach  enormous  proportions,  inasmuch  as 
there  are  probably  more  than  12,000  hatcheries  in  operation  annually. 
Up  to  the  present  these  by-products  have  been  used  as  fertilizer  and  for 
hog-feeding  purposes  as  well  as  in  tanning.  When  properly  prepared, 
however,  they  have  good  feeding  value  for  poultry. 
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CHAPTER  XIII 


THE  ECONOMICS  OF  PRODUCTION  AND  MARKETING 

The  development  of  the  poultry  industry  to  its  present  state  has  been 
brought  about  largely  by  the  demand  for  poultry  products  in  the  human 
diet  and  by  the  relative  economy  in  the  production  of  these  products  in 
comparison  with  some  of  the  other  animal  food  products.  Eggs  are 
supplied  to  consumers  in  the  shell  and  in  the  frozen  and  dried  state  and 
are  used  in  the  diet  in  a  great  variety  of  ways,  in  cooking,  baking,  and 
confectionary  making,  and  occupy  a  unique  place  in  the  human  dietary 
in  providing  protein  as  well  as  certain  minerals  and  vitamins.  Poultry 
meat  is  supplied  by  different  classes  of  chickens  and  is  served  in  many 
different  forms,  the  white  meat  providing  a  change  from  the  red  meats 
supplied  by  the  larger  classes  of  domestic  livestock.  The  dietetic  value 
of  eggs  and  poultry  meat  has  been  well  established  and  will  undoubtedly 
continue  to  serve  an  important  role  in  providing  the  population  with  a 
fully  adequate  diet. 

As  compared  with  the  larger  classes  of  domestic  livestock  used  for  the 
production  of  food  of  animal  origin,  the  chicken  is  a  smaller  economic 
unit  capable  of  more  rapid  improvement.  This  is  borne  out  by  the 
remarkable  development  of  the  poultry  industry  in  the  United  States 
during  the  last  50  years.  During  this  period  the  increase  in  the  poultry 
population  practically  kept  pace  with  that  in  the  human  population,  but 
the  per  capita  production  of  eggs  has  increased  by  almost  two  and  one- 
half  times.  This  remarkable  increase  in  egg  production  is  accounted 
for  through  the  adoption  of  improved  methods  of  breeding,  culling  to 
improve  the  efficiency  of  the  laying  flocks,  the  feeding  of  better  balanced 
diets,  and  better  methods  in  the  management  of  the  laying  flocks. 

It  is  interesting  to  observe  that  the  poultry  industry  of  the  United 
States  has  grown  to  such  proportions  that  this  country  leads  all  the  other 
nations  from  the  standpoint  of  poultry  population  and  number  of  eggs 
produced  annually. 

By  the  time  of  the  first  settlements  in  the  United  Stated  edible  birds, 
domestic  and  wild,  were  largely  classed  together  as  “fowl.”  The  plenti¬ 
fulness  of  wild  fowl  in  the  colonies  undoubtedly  detracted  from  the 
importance  of  domestic  birds.  Eggs  were  appreciated  but  were  almost 
entirely  a  warm-weather  product.  There  was  slight  commercial  aspect 
to  poultry  keeping  previous  to  1825,  most  frequent  mention  of  poultry 
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products  in  the  newspapers  before  that  time  being  the  feathers  for  beds 
and  pillows.  Between  then  and  1860  cheap  grain  in  the  inland  districts 
and  improved  transportation  encouraged  egg  production  in  the  Ohio 
Valley. 

In  1839  there  were  16  states  with  poultry  valued  at  over  $250,000 
each.  New  York,  with  poultry  valued  at  $1,153,413,  Virginia,  and 
Pennsylvania  had  the  largest  numbers,  although  Ohio,  Tennessee,  and 
Kentucky  were  only  slightly  lower  in  poultry  value  than  Pennsylvania. 
Wisconsin  and  Iowa,  the  westernmost  states  listed,  had  about  $16,000 
worth  each. 


Fig.  198.- — Of  the  estimated  number 
of  over  one  billion  laying  hens  in  23 
counties  in  1929,  the  United  States 
ranked  first  with  over  40  per  cent  of  the 
total.  The  poultry  population  of  China 
is  not  included  in  the  estimate  because 
of  lack  of  data.  ( Wisconsin  Dept.  Agr.) 


Fig.  199. — Of  the  estimated  66  bil¬ 
lions  of  eggs  produced  during  1930  in  19 
major  countries,  except  China,  the 
United  States  is  credited  with  almost 
one-half  of  the  total  production.  (UTs- 
consin  Dept.  Agr.) 


As  the  commercial  aspect  became  dominant,  poultry  keepers  saw  the 
importance  of  increasing  production  per  hen  and  in  developing  more 
economical  methods  of  raising  chickens.  By  1840  or  1845  increasing 
attention  was  given  to  breeding,  feeding,  and  other  problems  of  manage¬ 
ment  and  to  the  introduction  of  new  breeds.  Asiatic  fowls  were  first 
imported  in  important  quantities  shortly  before  1850.  Their  popular¬ 
ity  led  to  the  first  “hen  fever”  in  the  fifties,  after  which  a  rapid  succession 
of  breeds  claimed  attention.  By  1849,  when  the  New  England  poultry 
breeders  and  fanciers  held  their  first  poultry  show,  Cochins,  Shanghais, 
and  Plymouth  Rocks  had  become  well  known.  In  1847  two  patents 
were  issued  on  “methods  of  incubation,”  though  it  was  40  years  later 
that  the  first  practicable  incubator  was  invented. 

The  egg  market  offered  the  main  stimulus  to  improvement  in  the  early 
history  of  the  poultry  industry.  Not  only  were  eggs  more  of  a  luxury 
than  poultry  in  a  land  of  abundant  meat,  but  they  withstood  holding  and 
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transportation  as  meat  and  fowls  could  not.  Consequently,  many  eggs 
were  produced,  and  prices  ranged  comparatively  high.  In  1863  egg 
shipments  were  reaching  New  York  City  from  Ohio,  Indiana,  Illinois, 
and  Minnesota.  During  1866  the  city  received  150,000  barrels  of  eggs, 
averaging  over  70  doz.  to  the  barrel. 

Until  the  development  of  cold  storage,  marketing  was  limited  by 
lack  of  means  for  preservation.  Eggs  were  often  preserved  by  immersion 
in  limewater  to  seal  the  porous  shell  and,  by  1870,  were  sometimes  stored 
in  fruit-  or  icehouses.  The  last  method  displaced  the  others  in  the 
eighties  and  gradually  became  our  modern  cold  storage,  which  accelerated 
the  increase  in  poultry  during  the  eighties  and  nineties  and  has  con¬ 
tinued  to  lessen  the  seasonal  variation  in  poultry  and  egg  prices.  In 
connection  with  the  more  costly  storage  and  transportation  coming  into 
use,  the  displacement  of  the  barrel  by  the  30-doz.-egg  case  about  1880 
was  a  considerable  economy.  The  production  of  dressed  poultry  as  well 
as  of  eggs  was  greatly  stimulated  by  the  demonstrated  practicability  of 
refrigeration  for  both  transportation  and  storage. 

During  recent  years  five  cities,  New  York,  Chicago,  Philadelphia, 
Boston,  and  San  Francisco,  have  required  annually  approximately  over 
500,000,000  doz.  eggs  and  about  350,000,000  lb.  of  dressed  poultry.  The 
average  daily  requirements  of  the  district  served  from  New  York  City 
are  now  over  500,000  doz.  eggs,  about  450,000  lb.  of  dressed  poultry,  and 
about  35  carloads  of  live  poultry.  Over  2,500,000,000  doz.  eggs  are  now 
produced  annually  in  the  United  States. 

Poultry  raising  occupies  an  important  place  in  a  well-balanced  agri¬ 
culture.  According  to  the  census  of  1935,  poultry  was  raised  on  about 
86  per  cent  of  the  farms  in  the  United  States,  and  on  many  farms  poultry 
products  were  reported  to  be  one  of  the  best  paying  crops.  There  were 
over  5,833,000  farm-  and  commercial-poultry  raisers  in  1935.  Poultry 
utilize  enormous  quantities  of  waste  products,  including  grains  and  other 
feed,  the  value  of  which  could  hardly  be  utilized  otherwise  in  as  efficient 
a  manner  as  in  the  production  of  eggs  and  poultry  meat.  Poultry  are 
foragers,  and  secure  a  part  of  their  living  from  grass  and  other  green  feed 
and  insects.  The  raising  of  poultry  utilizes  labor  and  is  a  source  of  cash 
returns  for  practically  every  month  of  the  year.  Furthermore,  eggs  and 
poultry  meat  contribute  an  essential  variety  to  the  diet  of  the  farm  home 
table  and,  in  addition,  dispense  with  the  necessity  of  providing  for  the 
table  much  meat  food  that  would  otherwise  have  to  be  purchased. 

The  relative  importance  of  poultry  raising  as  a  branch  of  agriculture 
in  the  United  States  is  revealed  by  the  data  given  in  Table  62. 

The  data  in  this  table  show  that  among  the  various  agricultural  com¬ 
modities  in  1935,  poultry — including  chickens,  turkeys,  ducks,  and  geese — 
and  eggs  ranked  third  in  importance,  being  exceeded  only  by  dairy  prod- 
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ucts  and  cattle  and  calves.  Moreover,  inasmuch  as  a  considerable 
number  of  cattle  and  calves  are  contributed  by  the  dairy  industry  as 
distinguished  from  the  beef-cattle  industry,  it  would  appear  that  in  1935 
the  poultry  industry  was  the  second  most  important  branch  of  agriculture 
from  the  standpoint  of  gross  income. 

A  factor  of  considerable  importance  which  is  often  overlooked  is  that 
the  cash  income  of  poultry  raised  and  eggs  produced  each  year  in  relation 
to  the  farm  value  and  gross  income  of  these  products  is  higher  than  in  the 

Table  62. — Gross  Income  from  Farm  Production  by  Groups  of  Commodities, 


1929,  1932  to  1935 

(U.  S.  Department  of  Agriculture,  1936) 
(In  millions  of  dollars) 


Source  of  income 

1929 

1932 

1933 

1934 

1935 

Crops: 

Grains . 

1,297 

452 

601 

546 

745 

Fruit  and  nuts . 

707 

324 

412 

451 

507 

Vegetables . 

1,130 

611 

754 

642 

772 

Sugar  crops . 

83 

69 

79 

62 

76 

Cotton  and  cottonseed . 

1,389 

464 

688 

707 

698 

Tobacco . 

286 

108 

179 

225 

237 

Other  crops . 

542 

267 

319 

344 

390 

Total  crops . 

5,434 

2,295 

3,032 

2,977 

3,425 

Livestock  and  livestock  products: 

Cattle  and  calves . 

1,111 

499 

476 

713 

920 

Hogs . 

1,531 

548 

617 

638 

869 

Sheep  and  wool . 

262 

106 

152 

184 

195 

Poultry  and  eggs . 

1,241 

609 

561 

664 

884 

Dairy  products . 

2,323 

1,260 

1,263 

1,418 

1,681 

Others . 

39 

20 

27 

27 

36 

Total  livestock . 

6,507 

3,042 

3,096 

3,704 

4,585 

Total  crops  and  livestock . 

11,941 

5,337 

6,128 

6,681 

8,010 

case  of  many  other  agricultural  commodities.  The  average  producer 
attaches  considerable  importance  to  the  weekly  or  monthly  cash  receipts 
obtained  from  the  poultry  enterprise  in  paying  the  grocer’s  and  doctor’s 
bills,  buying  schoolbooks  and  clothing,  and  paying  taxes.  The  poultry 
industry  is  also  unique  among  the  various  animal  and  plant  industries 
in  that  it  is  well  adapted  for  the  development  of  4-H  Club  and  Future 
Farmers  of  America  projects  which  often  lead  to  the  development  of 
improved  practices  in  agriculture  as  a  whole  as  well  as  the  poultry 
enterprise. 

From  the  standpoint  of  the  annual  farm  value,  the  number  of  eggs 
produced  is  of  considerably  greater  importance  than  the  number  of 
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chickens  raised.  In  1924  and  1935  the  farm  value  of  eggs  produced 
amounted  to  approximately  58  and  65  per  cent,  respectively,  of  the  farm 
value  of  chickens  raised  and  eggs  produced.  The  relatively  greater 
importance  of  egg  production  probably  explains  why  the  reports  of  crop 
correspondents  of  the  Bureau  of  Agricultural  Economics  of  the  U.  S. 
Department  of  Agriculture  observed  that  in  1930  approximately  37  per 
cent  of  the  laying  stocks  of  the  country  were  Leghorns,  17  per  cent 
Plymouth  Rocks,  and  17  per  cent  Rhode  Island  Reds  and  New 
Hampshires.  In  several  states,  however,  more  than  half  of  the  laying 
stocks  were  comprised  of  Plymouth  Rocks,  Rhode  Island  Reds,  and  New 
Hampshires. 

In  round  numbers  the  laying  flocks  of  the  United  States  comprise 
approximately  400,000,000  hens;  approximately  650,000,000  chickens  are 
raised,  and  approximately  2,500,000,000  dozen  eggs  are  produced  annu¬ 
ally.  These  numbers  change  somewhat  from  year  to  year,  depending 
upon  prices;  weather  conditions,  including  droughts  and  the  severity  of 
the  winter  season;  and  other  factors.  It  is  pertinent  to  observe  at  this 
time,  however,  that  the  census  figures  are  probably  at  best  very  rough 
approximations,  and  it  is  highly  possible  that  the  annual  production  of 
eggs  is  greater  than  that  reported  by  the  census  enumerators. 

In  Tables  63  and  64  data  are  given  on  the  estimated  farm  value 
and  cash  income  from  chickens  raised  and  eggs  produced  in  1935. 
Farm  value  relates  to  the  evaluation  of  the  eggs  produced  and  chickens 
raised,  irrespective  of  the  use  to  which  they  were  put.  Cash  income 
relates  to  the  value  of  the  eggs  and  chickens  that  were  sold. 

The  United  States  can  be  divided  into  fairly  distinct  sections  accord¬ 
ing  to  their  geographical  location  and  the  character  of  the  industry. 

The  first  section  comprises  principally  the  states  lying  in  the  Missis¬ 
sippi  Valley,  including  Ohio,  Michigan,  Indiana,  Illinois,  Wisconsin, 
Minnesota,  Iowa,  Nebraska,  Kansas,  Missouri,  Kentucky,  and  Tennessee. 
This  extensive  grain-  and  stock-raising  section  produces  an  enormous 
quantity  of  eggs  and  poultry  meat,  the  feed  cost  of  egg  production  being 
lower  than  elsewhere  in  this  country.  There  are  comparatively  few 
specialized  or  commercial  poultry  farms;  but  the  total  poultry  production 
is  far  in  excess  of  the  requirements  for  home  consumption,  so  that  a  large 
proportion  is  marketed  in  the  eastern  consuming  centers. 

The  second  section  comprises  the  northeastern  states,  including  New 
England,  New  York,  Pennsylvania,  New  Jersey,  Maryland,  and  Dela¬ 
ware.  In  this  section  the  poultry  industry  is  one  of  major  importance  in 
agriculture,  and  many  large  and  specialized  poultry  farms  have  been 
developed.  At  the  same  time,  because  of  the  very  high  proportion  of  the 
consuming  population  living  in  this  section,  the  supply  of  poultry  products 
from  within  the  section  is  wholly  inadequate  to  meet  the  demand,  and 
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Table  63. — Estimated  Farm  Value,  Gross  Income,  and  Cash  Income  from 

Chickens  Raised  in  1935 
(U.  S.  Department  of  Agriculture) 


State 

Raised, 
thousands 
of  chickens 

Home  con¬ 
sumption, 
thousands 
of  chickens 

Sold, 

thousands 
of  chickens 

Farm 

price 

per 

head, 

cents 

Farm 
value, 
thousands 
of  dollars 

Cash 
income, 
thousands 
of  dollars 

Maine . 

3,421 

502 

2,713 

78 

2,508 

2,116 

N.  H . 

2,980 

227 

2,502 

75 

2,132 

1,876 

Vt . 

1,472 

391 

979 

74 

1,020 

724 

Mass . 

5,481 

505 

4,560 

74 

3,878 

3,374 

It.  I . 

697 

71 

579 

79 

520 

457 

Conn . 

4,080 

406 

3,315 

76 

2,921 

2,519 

N.  Y . 

21,724 

4,249 

15,370 

68 

13,600 

10,452 

N.  J . 

8,546 

754 

6,685 

84 

6,646 

5,615 

Pa . 

27,424 

5,397 

18,765 

72 

18,031 

13,511 

Ohio . 

32,142 

7,727 

20,914 

62 

18,372 

12,967 

Ind . 

28,399 

7,389 

18,236 

60 

15,884 

10,942 

Ill . 

37,035 

9,876 

23,366 

65 

22,195 

15,188 

Mich . 

18,371 

4,706 

11,712 

66 

11,244 

7,730 

Wis . 

22,675 

6,409 

13,456 

55 

11,467 

7,401 

Minn . 

25,390 

7,078 

15,284 

56 

13,099 

8,559 

Iowa . 

45 , 090 

9,165 

31,354 

63 

25,994 

19,753 

Mo . 

31,982 

12,004 

17,786 

53 

15,470 

9,427 

N.  D . 

5,492 

2,491 

2,313 

52 

2,622 

1,203 

S.  D . 

10,402 

3,295 

5,248 

57 

5,498 

2,991 

Neb . 

20 , 557 

6,222 

12,322 

55 

10,441 

6,777 

Kan . 

27,698 

9,759 

16,378 

49 

12,531 

8,025 

Del . 

3,856 

496 

3,089 

66 

2,377 

2,039 

Md . 

7,030 

2,038 

4,444 

63 

4,019 

2,800 

Va . 

18,992 

8,003 

9,445 

52 

9,269 

4,911 

W.  Va . 

5,603 

2,477 

2,603 

52 

2,668 

1,354 

N.  C . 

14,212 

8,484 

4,209 

46 

6,050 

1,936 

S.  C . 

7,066 

4,272 

2,242 

45 

2,961 

1,009 

Ga . 

11,011 

6,805 

3,112 

44 

4,460 

1,369 

Fla . 

2,708 

1,201 

1,116 

58 

1,393 

647 

Ky . 

16,990 

8,291 

7,310 

49 

7,695 

3,582 

Tenn . 

15,266 

6,459 

7,444 

46 

6,408 

3,424 

Ala . 

10,472 

5,836 

3,487 

35 

3,364 

1,220 

Miss . 

9,471 

5,917 

2,809 

37 

3,206 

1,039 

Ark . 

8,618 

4,760 

2,940 

44 

3,428 

1,294 

La . 

5,748 

4,092 

981 

47 

2,431 

461 

Okla . 

17,331 

8,313 

7,371 

47 

7,546 

3,464 

Tex . 

29,320 

14,662 

10 , 863 

42 

11,180 

4,562 

Mont . 

2,853 

1,554 

1,083 

49 

1,285 

531 

Idaho . 

3,271 

1,290 

1,626 

48 

1,445 

780 

Wyo . 

1,095 

624 

421 

54 

543 

227 

Colo . 

4,005 

1,765 

2,082 

54 

1,925 

1,124 

N.  Mex . 

1,078 

514 

461 

48 

459 

221 

Ariz . 

992 

233 

616 

62 

564 

382 

Utah . 

3,051 

532 

2,184 

43 

1,192 

939 

Nev . 

347 

80 

237 

52 

164 

123 

Wash . 

10,612 

2,449 

6,923 

44 

4,295 

3,046 

Ore . 

4,646 

1,821 

2,411 

47 

2,005 

1,133 

Calif . 

27,446 

3,253 

20 , 004 

52 

13,237 

10,402 

U.  S . 

624,148 

204 , 844 

355,350 

57.9 

321,642 

205,626 
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Table  64. — Estimated  Farm  Value,  Gross  Income,  and  Cash  Income  from  Eggs 

in  1935 

(U.  S.  Department  of  Agriculture) 


State 

Laid, 
millions 
of  eggs 

Home  con¬ 
sumption, 
millions 
of  eggs 

Sold, 
millions 
of  eggs 

Farm 
price 
per  doz., 
cents 

Farm 
value, 
thousands 
of  dollars 

Cash 
income, 
thousands 
of  dollars 

Maine . 

184 

33 

144 

31.4 

4,815 

3,768 

N.  H . 

128 

16 

106 

33.7 

3,595 

2,977 

Vt . 

79 

25 

51 

29.7 

1,955 

1,262 

Mass . 

242 

29 

202 

36.0 

7,260 

6,060 

R.  I . 

35 

5 

29 

34.3 

1,000 

829 

Conn . 

206 

22 

176 

33.8 

5,802 

4,957 

N.  Y . 

1,323 

238 

1,042 

29.2 

32,193 

25,355 

N.  J . 

498 

43 

438 

31.8 

13,197 

11,607 

Pa . 

1,616 

243 

1,318 

26.4 

35 , 552 

28,996 

Ohio . 

1,625 

284 

1,277 

23.5 

31,822 

25,007 

Ind . 

1,165 

231 

877 

21.9 

21,261 

16,005 

Ill . 

1,534 

377 

1 , 083 

21.9 

27,996 

19,765 

Mich . 

986 

242 

707 

23.7 

19,474 

13,963 

Wis . 

1,285 

289 

951 

23.0 

24,630 

18,228 

Minn . 

1,251 

283 

917 

21.4 

22,309 

16,353 

Iowa . 

2,237 

460 

1,687 

21.3 

39,707 

29,944 

Mo . 

1,729 

302 

1,363 

20.7 

29,825 

23,512 

N.  D . 

227 

130 

86 

20.1 

3,802 

1,440 

S.  D . 

418 

141 

256 

20.5 

7,141 

4,373 

Neb . 

915 

264 

610 

20.2 

15,402 

10,268 

Kan . 

1,311 

270 

986 

20.2 

22,068 

16,597 

Del . 

135 

15 

112 

25.4 

2,858 

2,371 

Md . 

373 

48 

311 

25.2 

7,833 

6,531 

Va . 

742 

165 

539 

23.0 

14,222 

10,331 

W.  Va . 

319 

85 

223 

22.8 

6,061 

4,237 

N.  C . 

432 

243 

161 

23.0 

8,280 

3,086 

s.  c . 

176 

102 

60 

23.0 

3,373 

1,150 

Ga . 

346 

180 

144 

23.0 

6,632 

2,760 

Fla . 

159 

44 

110 

27.1 

3,591 

2,484 

Ky . 

617 

255 

328 

20.7 

10,643 

5,658 

Tenn . 

639 

220 

388 

20.4 

10,863 

6,596 

Ala . 

401 

218 

162 

20.4 

6,817 

2,754 

Miss . 

319 

193 

107 

20.1 

5,343 

1,792 

Ark . 

368 

191 

160 

20.4 

6,256 

2,720 

La . 

227 

142 

74 

21.1 

3,991 

1,301 

Okla . 

731 

320 

376 

20.1 

12,244 

6,928 

Tex . 

1,509 

692 

758 

20.6 

25,905 

13,013 

Mont . 

134 

81 

47 

23.1 

2,580 

905 

Idaho . 

168 

56 

105 

21.5 

3,010 

1,881 

Wyo . 

56 

28 

26 

24.8 

1,157 

537 

Colo . 

250 

99 

143 

22.6 

4,708 

2,693 

N.  Mex . 

72 

32 

38 

24.6 

1,476 

779 

Ariz . 

55 

11 

42 

29.3 

1,343 

1,026 

Utah . 

254 

31 

217 

22.9 

4,847 

4,141 

Nev . 

24 

7 

16 

26.0 

520 

347 

Wash . 

761 

113 

627 

23.7 

15,030 

12,383 

Ore . 

310 

70 

231 

22.7 

5,864 

4,370 

Calif . 

1,682 

165 

1,462 

25.2 

35,322 

30,702 

U.  S . 

30,253 

7,733 

21,273 

23.4 

581,575 

414,112 
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large  quantities  of  eggs  and  poultry  meat  are  shipped  in  from  other  more 
extensive  producing  sections. 

The  third  section  comprises  the  Pacific  Coast  states.  In  this  section 
commercial  poultry  farming  has  been  developed  very  extensively,  and 
considerable  quantities  of  eggs  are  shipped  East  annually. 

The  fourth  section  comprises  the  southern  group  of  states,  a  section 
where  the  poultry  industry  is  relatively  undeveloped.  There  is  very  little 
specialization,  and  the  farm  flocks  are  small  in  size,  so  that  production  in 
several  of  these  states  frequently  does  not  meet  the  local  demand.  Dis- 


Fig.  200. — The  bulk  of  the  eggs  are  produced  in  the  Middlewest,  although  there  are 
important  commercial  producing  centers  in  the  Northeast  and  on  the  Pacific  Coast. 
( U .  S.  Dept.  Agr.) 

tance  from  the  more  important  consuming  centers  has  been  a  factor 
retarding  development  as  compared  with  other  sections.  The  tardy 
development  of  agriculture  as  a  whole  and  the  general  reliance  upon 
cotton  and  tobacco  as  sources  of  farm  income  have  been  the  major  factors 
that  have  prevented  the  normal  development  of  the  poultry  industry. 
These  conditions  are  being  remedied,  however,  and  at  present  poultry 
production  is  being  increased. 

POULTRY  RAISING  A  FARM  INDUSTRY 

The  poultry  industry  of  the  United  States  is  essentially  a  farm  indus¬ 
try.  The  size  of  the  flock  per  farm  varies  from  those  farms  where  only  as 
many  chickens  are  kept  as  will  supply  the  home  table  with  eggs  and 
poultry  meat  to  those  where  the  flock  are  of  sufficient  size  to  contribute 
an  important  share  toward  the  total  farm  income.  There  are  numerous 
commercial  flocks,  but  there  is  a  great  preponderance  of  small-sized 
flocks,  as  shown  by  the  data  in  the  table  giving  for  1930  the  percentage  of 
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chickens  3  months  old  and  over  in  each  size  group  and  for  1929  the  per¬ 
centage  of  eggs  produced  by  each  group  of  flock  size. 


Table  65. — Per  Cent  of  Farms  Reporting  Chickens  Apr.  1,  1930,  Per  Cent  of 
Chickens  on  Hand  Apr.  1,  1930,  and  Per  Cent  of  Eggs  Produced 
in  1929,  Each  According  to  Size  of  Flock 


Size  of  flock 

Farms  reporting 
1930,  per  cent 

Chickens  raised 
1930,  per  cent 

Eggs  produced 
1929,  per  cent 

Under  50 . 

54.9 

17.8 

17.1 

50  to  99 . 

22.1 

20.4 

19.5 

100  to  199 . 

16.0 

28.8 

27.1 

200  to  399 . 

5.7 

19.6 

19.2 

400  to  699 . 

0.9 

5.9 

7.0 

700  to  999 . 

0.2 

2.2 

2.9 

1 . 000  to  2 , 499 . 

0.2 

3.4 

4.6 

2 , 500  and  over . 

Less  than  0.05 

1.8 

2.2 

The  data  in  the  table  show  that  approximately  55  per  cent  of  the  farms 
reporting  chickens  in  1930  had  flocks  of  less  than  50  chickens  per  flock, 
77  per  cent  had  flocks  of  less  than  100,  and  93  per  cent  had  flocks  of  less 
than  200.  It  is  also  shown  that  38.2  per  cent  of  all  chickens  on  farms  were 
in  flocks  under  100  in  size  and  67  per  cent  were  in  flocks  under  200  in 
size.  Also,  36.6  per  cent  of  the  eggs  produced  in  1929  were  from  flocks 
under  100  in  size,  and  63.7  per  cent  of  the  eggs  produced  in  1929  were 
from  flocks  under  200  in  size.  Flocks  containing  400  or  more  birds  per 
flock  were  responsible  for  approximately  17  per  cent  of  the  total  egg  pro¬ 
duction.  On  thousands  of  farms  having  flocks  of  less  than  50  birds  per 
flock  no  eggs  or  poultry  meat  is  sold. 

Shifts  in  Production. — Notwithstanding  the  fact  that  in  the  four 
geographical  sections  poultry  raising  is  essentially  a  farm  industry,  during 
the  past  several  years  the  average  size  of  the  flocks  and  the  average  egg- 
production  per  farm  have  increased  to  a  marked  extent.  The  increase  has 
been  relatively  greater  in  some  sections  than  in  others. 

During  the  25-year  period  from  1909  to  1934  there  has  been  a  tend¬ 
ency  for  the  average  number  of  chickens  raised  per  farm  in  the  Northeast 
to  increase  to  a  greater  extent  than  in  other  sections  of  the  country.  In 
other  words,  the  development  of  commercial  poultry  production  has 
increased  faster  in  the  Northeast  than  in  the  rest  of  the  country.  In 
certain  rather  restricted  areas  in  Oregon,  California,  and  Washington 
there  has  also  been  a  marked  development  in  commercial  poultry  pro¬ 
duction.  In  the  Middle  West  the  growth  of  the  industry  has  been 
remarkable,  and  there  has  been  a  tendency  for  many  of  the  farm  flocks 
to  approach  the  size  of  commercial  flocks.  The  changes  in  the  average 
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number  of  chickens  raised  per  farm  in  the  South  have  been  much  less 
pronounced,  many  of  the  states  actually  showing  a  decrease  in  1934  as 
compared  with  1909. 


Table  66. — The  10  Leading  States  in  the  Average  Number  of  Chickens  Raised 

per  Farm 

(Termohlen  and  Warren,  1936) 


1909 

1934 

1.  Kansas . 

168 

1.  Delaware . 

763 

2.  New  Jersey . 

160 

2.  New  Jersey . 

418 

3.  California . 

160 

3.  New  Hampshire . 

334 

4.  Iowa . 

154 

4.  Massachusetts . 

331 

5.  Delaware . 

150 

5.  California . 

283 

6.  Nebraska . 

146 

6.  Connecticut . 

274 

7.  Rhode  Island . 

142 

7.  Rhode  Island . 

273 

8.  Illinois . 

142 

8.  Iowa . 

217 

9.  Missouri . 

132 

9.  Nebraska . 

212 

10.  Maryland . 

130 

10.  Kansas . 

201 

The  relative  advancement  made  by  the  Northeast  is  indicated  in  the 
table  showing  the  10  leading  states  in  the  average  number  of  chickens 
raised  per  farm  in  1934  as  compared  with  1909.  It  is  interesting  to 
observe  that  although  Kansas  dropped  from  first  place  in  1909  to  tenth 
place  in  1934,  the  increase  in  the  average  number  of  chickens  raised  per 
farm  was  considerable,  being  from  168  to  201,  or  an  increase  of  almost 
20  per  cent.  Delaware  moved  up  from  fifth  place  in  1909  to  first  in  1934, 
the  relative  increase  amounting  to  over  400  per  cent.  Other  north¬ 
eastern  states  also  had  relatively  great  increases,  due  in  part  to  the  rapid 
expansion  of  the  broiler  industry.  Aside  from  the  broiler-producing 
areas,  the  average  number  of  chickens  raised  per  farm  is  a  good  index  of 
the  average  size  of  laying  flocks  maintained  per  farm,  because  chicks  are 
raised  largely  for  replacement  purposes. 

The  marked  increase  in  the  average  size  of  the  laying  flocks  per  farm 
that  has  taken  place  in  the  country  as  a  whole  indicates  a  marked  increase 
in  the  average  number  of  eggs  produced  per  farm.  As  a  matter  of  fact, 
the  increase  in  egg  production  has  been  relatively  greater  than  the  increase 
in  size  of  laying  flocks,  largely  because  of  improved  methods  of  breeding 
and  other  factors,  as  pointed  out  previously. 

During  the  35-year  period  from  1899  to  1934,  the  relative  position 
of  the  states  changed  considerably  on  the  basis  of  the  average  number  of 
dozens  of  eggs  produced  per  farm.  Among  the  10  leading  states  in  1899 
there  were  4  northeastern  ones  whereas  in  1934  there  were  6,  and,  for  the 
most  part,  their  relative  standing  was  higher.  The  following  5  were 
among  the  10  leading  states  in  1899  and  1934:  New  Jersey,  California, 
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Massachusetts,  Rhode  Island,  and  Delaware.  In  1899  Kansas,  Iowa, 
South  Dakota,  Nebraska,  and  Ohio  were  among  the  10  leading  states,  but 


Fig.  201. — The  average  number  of  chickens  raised  per  farm  increased  to  a  much 
greater  extent  in  some  states  than  others  during  the  25-year  period  from  1909  to  1934. 
Note  the  marked  increase  in  certain  northeastern  states.  ( Termohlen  and  Warren ,  1936.) 


in  1934  their  places  were  taken  by  Utah,  New  Hampshire,  Washington, 
Connecticut,  and  New  York. 


Table  67. — The  10  Leading  States  in  Average  Number  of  Dozen  Eggs  Produced 

per  Farm 

(Termohlen  and  Warren,  1937) 


1899 

1934 

1.  Rhode  Island . 

661.2 

1.  New  Jersev . 

1717.8 

2.  Kansas . 

468.7 

2.  California . 

1370.2 

3.  Iowa . 

463.7 

3.  Massachusetts . 

1187.1 

4.  California . 

440.6 

4.  Utah . 

995.1 

5.  Massachusetts . 

423.8 

5.  New  Hampshire . 

989.1 

6.  South  Dakota . 

387.6 

6.  Washington . 

971.0 

7.  New  Jersey . 

385.8 

7.  Rhode  Island . 

885.9 

8.  Delaware . 

383.6 

8.  Connecticut . 

871.8 

9.  Nebraska . 

379.1 

9.  Delaware . 

763.9 

10.  Ohio . 

357.3 

10.  New  York . 

755.2 
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The  fact  of  outstanding  importance  is  the  relative  increase  in  egg 
production  indicated.  In  the  case  of  the  5  states  that  were  among  the 
10  leading  ones  in  1899  and  1934  the  per  cent  increase  in  egg  production 
per  farm  was  as  follows:  New  Jersey,  over  340;  California,  over  210; 
Massachusetts,  over  180;  Delaware,  over  99;  and  Rhode  Island,  about 
34.  The  increase  in  the  average  number  of  dozens  of  eggs  produced  per 
farm  in  Utah,  New  Hampshire,  Washington,  Connecticut,  and  New  York 
was  very  great.  Even  in  the  5  states — Kansas,  Iowa,  South  Dakota, 
Nebraska,  and  Ohio — that  were  among  the  10  leading  in  1899  but  not  in 


THIRTY-FIVE  YEAR  CHANGES 


In  Average  Number  of  Dozens  of  Eggs  Produced  per  Farm  1899-1934 


Fig.  202. — During  the  35-year  period  from  1899  to  1934,  the  increase  in  the  average 
number  of  dozens  of  eggs  produced  per  farm  was  much  greater  in  certain  states  of  the  far 
east  and  the  far  west  than  in  other  states.  ( Termohlen  and  Warren,  1937.) 

1934,  the  increase  in  egg  production  was  relatively  great.  By  way  of 
contrast,  the  southern  states  showed  relatively  the  least  increase  in  egg 
production  during  the  35-year  period,  Arkansas,  Louisiana,  Mississippi, 
and  Oklahoma  actually  showing  decreases,  the  situation  of  Oklahoma 
undoubtedly  having  been  affected  by  the  severe  drought  of  1934.  The 
development  of  commercial  egg-producing  plants  has  assumed  greatest 
proportions  in  the  northeastern  states  and  in  certain  other  states,  par¬ 
ticularly  Utah,  Oregon,  California,  and  Washington. 

The  figures  relating  to  the  increased  number  of  chickens  raised  per 
farm  and  the  increased  egg  production  per  farm  bear  mute  testimony  to 
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the  increased  volume  of  poultry  meat  and  eggs  produced  when  it  is  real¬ 
ized  that  the  census  data  indicate  that  during  recent  years  approximately 
the  same  number  of  farms  was  engaged  in  the  poultry  enterprise.  This 
remarkable  development  of  the  poultry  industry  has  been  accompanied 
by  an  increase  in  the  economic  complications  of  various  branches  of  the 
industry.  The  numerous  economic  factors  involved  in  the  reproduction 
of  the  flocks  and  in  poultry,  meat,  and  egg  production  as  well  as  in  the 
marketing  of  poultry  products  should  be  given  the  fullest  possible  con¬ 
sideration  by  those  interested  in  the  industry. 

ECONOMIC  FACTORS  IN  REPRODUCTION 

One  of  the  remarkable  developments  of  the  poultry  industry  in  the 
United  States  has  been  the  expansion  of  the  breeder  and  commercial- 


Fig.  203.- — Hatchery  capacity,  July  1,  1934,  per  100  chickens  raised  on  farms  in  1933, 

by  states.  ( Warren  and  Wermel,  1935.) 

hatchery  industry,  as  pointed  out  in  the  chapter  on  Incubation  Principles 
and  Practices.  For  the  country  as  a  whole  it  would  appear  that  well  over 
50  per  cent  of  the  chickens  that  are  raised  on  farms  and  commercial 
poultry  plants  are  hatched  in  breeder  and  commercial  hatcheries,  a 
breeder  hatchery  being  designated  as  one  in  which  all  chicks  hatched  are 
hatched  from  eggs  produced  by  the  operator’s  flock,  and  commercial 
hatcheries  being  designated  as  those  that  purchased  hatching  eggs  from 
flocks  not  owned  by  the  operator.  Practically  all  of  the  broilers  that 
are  produced  on  commercial  broiler-producing  plants  are  hatched  in 
commercial  hatcheries. 

Xo  data  are  available  on  the  costs  of  producing  chicks  for  replacement 
purposes  by  the  natural  method  of  incubation.  Data  are  available, 
however,  on  the  costs  of  reproduction  in  commercial  hatcheries. 
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The  factors  of  cost  in  incubating  eggs  include  the  value  of  the  eggs 
incubated,  labor,  fuel,  the  use  of  the  incubators,  and  other  miscellaneous 


COST  OF  PRODUCING  AND  AVERAGE  SELLING  PRICE  OF  100  CHICKS 


Fig.  204. — Showing  the  different  elements  of  hatching  cost  and  the  margin  between 
the  average  cost  of  producing  100  chicks  and  the  average  selling  price,  by  10  regions,  1934. 
The  regions  included  the  following  states:  1,  Montana,  Wyoming,  Colorado,  Arizona,  and 
states  to  the  west  of  them;  2,  New  Mexico,  Texas,  Oklahoma,  Arkansas,  and  Louisiana;  3, 
Mississippi,  Tennessee,  Kentucky,  North  Carolina,  and  other  southeastern  states;  4, 
North  and  South  Dakota,  Nebraska,  Kansas,  and  Colorado;  5,  New  York,  Connecticut, 
and  other  northeastern  states;  6,  Pennsylvania,  West  Virginia,  Virginia,  District  of  Colum¬ 
bia,  Maryland,  Delaware,  and  New  Jersey;  7,  Ohio;  8,  Indiana  and  Illinois;  9,  Iowa  and 
Missouri;  10,  Minnesota,  Wisconsin,  and  Michigan.  ( Warren  and  Wermel,  1935.) 


PERCENT 


80 


60 


40 


20 


1  2  3  4  5  6  7  8 

REGIONS 

Custom  hatching  m  Sale  o/ baby  chicks  E&8SS1  Sale  of  started  chicks 
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Fig.  205. — Sources  of  hatchery  income,  1934,  by  10  regions.  ( Warren  and  Wermel,  1935.) 


items.  In  a  survey  of  110  hatcheries  in  Maryland  for  the  period  of 
July  1,  1936,  to  June  30,  1937,  it  was  found  that,  on  the  average,  the 
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investment  in  incubators  amounted  to  67.5  per  cent  of  the  total  invest¬ 
ment  and  the  investment  in  buildings  amounted  to  23.6  per  cent  of  the 
total  investment.  The  cost  of  the  eggs  amounted  to  62.6  per  cent  of  the 
total  cost  of  hatching.  Hatchery  overhead  costs  and  general  overhead 
costs  amounted  to  10  per  cent  of  the  total  cost  of  hatching.  The  three 
most  important  cost  factors  in  hatching,  the  cost  of  the  eggs,  hatchery 
overhead  costs,  and  general  overhead  costs,  amounted  to  87.5  per  cent 
of  the  total  costs  of  hatching.  The  value  of  the  chicks  sold  from  these 
commercial  hatcheries  in  Maryland  accounted  for  91.8  per  cent  of  the 
total  income  received  by  the  hatcheries. 

In  an  economic  survey  of  the  hatchery  industry  of  the  United  States 
conducted  by  the  U.  S.  Department  of  Agriculture  it  was  found  that 
among  683  hatcheries  located  in  different  parts  of  the  country,  81.2  per 
cent  of  their  total  income  was  obtained  from  the  sale  of  baby  chicks  and 
18.8  per  cent  from  custom  hatching,  selling  “ started’7  chicks,  poultry 
feed,  and  supplies. 

The  average  hatchability  of  these  683  hatcheries  in  1934  was  64.4  per 
cent.  The  cost  of  incubation  per  chick  is  affected  greatly  by  the  hatch¬ 
ing  percentage  secured,  as  shown  by  observations  made  in  the  state  of 
Washington. 


Table  68. — Egg  Cost  per  Chick  in  Relation  to  Hatching  Percentage 

(Carver  and  Buchanan,  1926) 


Hatchery  No. 

Eggs  set 

Chicks  hatched 

Per  cent  hatch 

Egg  cost  per 
chick,  cents 

1 

49,117 

25 , 365 

52.0 

8.1 

2 

273 , 200 

154,950 

57.0 

7.4 

3 

115,200 

68 , 000 

59.0 

7.1 

4 

378 , 000 

223 , 000 

60.0 

6.8 

5 

40,318 

25,100 

62.0 

6.7 

6 

16,000 

10 . 000 

62.5 

6.7 

7 

24 , 500 

18 . 000 

73.0 

5.7 

8 

29,000 

22,000 

76.0 

5 . 5 

The  data  in  this  table  show  that  the  higher  the  hatchability  the  lower 
the  egg  cost  per  chick  hatched.  In  the  U.  S.  Department  of  Agriculture 
survey  of  683  hatcheries  it  was  found  that  the  cost  of  eggs  amounted  to 
50.6  per  cent  of  total  costs  of  hatching,  labor  amounting  to  18.4  per  cent 
of  the  total  costs;  these  two  items  constituted,  respectively,  the  most 
important  cost  factors  in  the  hatchery  business. 

Since  egg  costs  constitute  the  most  important  single  cost  factor  in 
hatching,  and  since  the  hatchability  of  eggs  is  such  an  important  factor 
in  determining  the  egg  cost  per  chick,  it  is  interesting  to  ascertain  the 
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relationship  that  exists  between  the  premium  paid  for  hatching  eggs  and 
their  hatchability.  Most  hatcheries  pay  a  premium  above  market  price, 
the  amount  of  the  premium  differing  greatly  and  depending  upon  the 
extent  to  which  flock-improvement  work  is  carried  on  among  the  flocks 
producing  the  eggs  for  the  hatchery. 

The  accompanying  chart  may  be  used  for  calculating  the  egg  cost  per 
100  chicks  when  the  per  cent  of  salable  chicks  hatched  and  the  cost  of  the 
eggs  in  cents  per  dozen  are  known.  The  range  in  hatchability  is  indicated 
by  the  vertical  line  at  the  left  side  of  the  chart,  the  line  being  graduated 
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Fig.  206. — A  chart  for  the  easy  calculation  of  the  egg  cost  per  100  chicks  when  the 
per  cent  of  salable  chicks  hatched  and  the  cost  of  eggs  in  cents  per  dozen  are  known. 
( Byerly ,  1936.) 


from  100  at  the  bottom  to  0  at  the  top.  The  range  in  price  paid  for  eggs 
in  cents  per  dozen  is  indicated  by  the  vertical  line  at  the  right  side  of  the 
chart,  the  line  being  graduated  from  0  at  the  bottom  to  100  at  the  top. 
The  diagonal  line  extending  between  the  0  points  of  the  two  vertical 
lines  is  graduated  from  1  to  50  and  indicates  the  egg  cost  per  100  chicks 
expressed  in  terms  of  dollars  per  100  chicks. 

Placing  a  ruler  across  the  chart  and  crossing  the  vertical  lines  at  the 
right  and  left  sides  at  the  appropriate  price  per  dozen  for  eggs  and  the 
appropriate  per  cent  hatch  of  salable  chicks  gives  the  egg  cost  per  100 
chicks  on  the  diagonal  line.  If  hatching  eggs  cost  48  cts.  per  dozen  and 
78  per  cent  of  them  hatch  into  salable  chicks,  the  egg  cost  per  100  chicks 
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is  $5;  but  if  45  per  cent  hatch  into  salable  chicks,  the  egg  cost  per  hundred 
chicks  is  $8. 

This  chart  may  also  be  used  to  compute  the  premium,  over  the  market 
price,  that  the  hatchery  operator  can  afford  to  pay  for  eggs.  He  knows 
the  selling  price  of  his  chicks  and  should  know  the  required  overhead  and 
profit  to  be  charged  to  each  100  chicks.  Suppose  that  chicks  sell  for 
$10  per  100,  that  the  hatchery  operator  requires  a  profit  of  $2  per  100 
chicks  and  that  his  overhead  amounts  to  $3  per  100  sold.  This  leaves 
$5  per  100  as  the  permissible  egg  cost  per  100  chicks.  By  placing  the 


Fig.  207. — A  chart  for  determining  the  relationship  among  the  three  factors,  salable 
chicks  hatched  per  male,  the  value  of  male  breeders  in  dollars,  and  the  premium  in  cents 
per  chick.  ( Byerly ,  1936.) 


edge  of  the  ruler  at  the  $5  point  on  the  diagonal  line  and  also  at  the  point 
on  the  line  at  the  left  side  representing  the  per  cent  hatch  obtained,  the 
price  the  hatchery  operator  can  afford  to  pay  for  eggs  will  be  read  at  the 
point  at  which  the  edge  of  the  ruler  intersects  the  line  on  the  right  side. 
The  difference  between  this  price  and  the  market  price  of  eggs  is  the 
premium  that  the  hatchery  operator  can  afford  to  pay. 

Many  breeders  and  hatchery  operators  are  faced  with  the  problem 
of  determining  the  price  they  should  pay  for  male  birds  of  superior  breed¬ 
ing  worth.  The  chart  above  has  been  designed  to  assist  in  determining  the 
relationship  among  the  three  factors:  salable  chicks  hatched  per  male,  the 
value  of  the  male,  and  the  premium  in  cents  per  chick.  This  second 
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chart  was  constructed  so  that  the  vertical  line  on  the  left  is  graduated  to 
indicate  salable  chicks  sired  by  a  male;  the  diagonal  line  graduated  to 
show  the  premium  obtained  because  of  the  use  of  the  male,  expressed  in 
cents  per  chick;  and  the  vertical  line  on  the  right  to  show  value  of  the 
male  in  dollars.  Given  any  two  of  the  three  values  just  stated,  it  is 
possible  to  obtain  the  third  by  placing  the  edge  of  a  ruler  through  the  two 
known  values;  the  third  may  then  be  read  directly. 

Both  charts  may  be  used  to  supplement  each  other  in  determining 
the  influence  of  hatchability,  for  the  number  of  salable  chicks  produced 
is  obviously  greatly  affected  by  hatchability,  and  the  premium  that  may 
be  paid  on  eggs  bought  depends  directly  on  hatchability.  If  a  premium 
of  $4  per  100  chicks  is  obtained  through  the  use  of  superior  males,  then 
this  value  may  be  substituted  on  the  diagonal  line  of  the  first  chart  for 
the  $4  point  for  egg  cost  of  chicks;  and  by  passing  the  straightedge 
through  this  point  and  through  the  point  representing  the  hatchability 
obtained,  the  premium  that  may  be  paid  per  dozen  eggs  is  read  directly 
on  the  vertical  line  at  the  right  of  the  chart.  For  example,  if  the  hatch- 
ability  was  70  per  cent,  then  a  premium  of  about  34  cts.  per  dozen  may  be 
paid  for  the  use  of  the  superior  male. 

ECONOMIC  FACTORS  IN  BROILER  PRODUCTION 

The  many  millions  of  pounds  of  poultry  meat  produced  in  the  United 
States  each  year  reaches  the  consumer  principally  as  broilers,  fryers,  roast¬ 
ers,  and  fowl,  the  first  three  classes  constituting  the  chickens  raised  each 
year,  and  fowl  representing  the  layers  that  are  marketed  after  having 
served  their  usefulness.  Most  of  the  fryers,  roasters,  and  fowl  are  pro¬ 
duced  on  general  farms,  where  the  poultry  enterprise  is  considered  a  side 
line  of  the  farming  operations.  For  these  classes  of  chickens  very  few 
data  of  an  economic  character  have  been  assembled,  those  available  being 
limited,  for  the  most  part,  to  the  costs  involved  in  brooding. 

The  cost  of  brooding  chicks  is  an  important  problem  which  has 
received  very  little  attention.  Apparently  no  records  have  been  kept  or 
are  available  concerning  all  cost  factors,  such  as  investment  in  the  brooder 
house  and  labor  and  overhead  expenses,  in  addition  to  the  actual  fuel 
costs.  A  few  records  do  exist  relating  to  the  amount  and  cost  of  fuel 
consumed  during  the  brooding  period. 

In  a  study  conducted  in  New  Jersey  in  1924  with  19  coal-stove  brood¬ 
ers,  each  brooding  from  250  to  300  chicks,  it  was  found  that  the  amount  of 
coal  burned  per  stove  daily  was  16.9  lb.  The  fuel  cost  per  chick  for 
Plymouth  Rock  and  similar  breeds  was  3.5  cts.  up  to  8  weeks  of  age,  after 
which  no  more  heat  was  necessary.  For  chicks  of  the  Leghorn  and 
similar  breeds  the  fuel  cost  per  chick  was  1.1  cts.  up  to  6  weeks  of  age, 
after  which  no  more  heat  was  used. 
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A  survey  of  fuel  costs  conducted  in  California  in  1923  with  coal  valued 
at  $26  per  ton,  coal  oil  at  15  cts.  per  gallon,  gas  at  9  cts.  per  cubic  foot, 
and  electricity  at  4  cts.  per  kilowatt-hour  gave  the  following  results  for 
brooding  chicks  for  50  days  in  lots  of  250  chicks:  with  the  use  of  electricity, 
$3.14;  with  use  of  coal  oil,  $3.44;  with  the  use  of  coal,  $3.55;  with  the  use 
of  gas  (in  hot-water  pipe  system),  $1.94.  It  should  be  borne  in  mind 
that  the  cost  of  coal  is  much  higher  in  California  than  in  most  other  parts 
of  the  country. 

In  Oregon  in  1927  it  was  found  that  in  electric  brooding  with  elec¬ 
tricity  at  2  cts.  per  kilowatt-hour,  when  radiation  was  depended  upon  as 
the  method  of  heat  transfer,  the  heating  cost  averaged  about  2.5  to 
3  cts.  per  chick  each  1,000  hr. ;  and  in  brooders  depending  upon  convection 
the  heating  cost  averaged  about  .75  to  1  ct.  per  chick. 

Observations  made  at  Cornell  University  indicate  that  the  amount 
of  electric  energy  used  in  brooding  chicks  varied  with  the  season.  The 
following  figures  give  the  electric  energy  used  in  brooding  chicks  in  lots 
of  250  chicks  per  440-watt  electric  brooder,  the  chicks  being  confined  to 
the  house  and  sun  porches  for  8  weeks: 

Kilowatt- 

hours 

Apr.  27  to  June  22,  1933 .  201 

Oct.  18  to  Dec.  14,  1933 .  390 

Feb.  3  to  Mar.  31,  1934 .  412 

Jan.  4.  to  Mar.  2,  1935 .  375 

Mar.  8  to  May  3,  1935 .  302 

These  data  have  a  direct  bearing  on  the  cost  of  producing  broilers, 
which  has  become  an  important  commercial  enterprise  in  certain  sections 
of  the  country. 

At  the  present  time  the  principal  commercial-broiler-producing 
states  in  the  order  of  their  importance  are  Delaware,  Virginia,  Maryland, 
Connecticut,  New  York,  California,  Georgia,  Pennsylvania,  Indiana,  and 
Arkansas.  Approximately  66  per  cent  of  the  total  number  of  commer¬ 
cially  produced  broilers  is  raised  in  four  or  five  counties  of  the  Eastern 
Shore  of  Maryland,  the  two  southern  counties  of  Delaware,  and  one 
county  in  Virginia  adjoining  Maryland.  There  are  approximately  1,350 
commercial  broiler  producers  in  this  section,  which  is  known  as  the  “Del- 
marva  region.” 

Commercial  broiler  production  is  usually  carried  on  in  conjunction 
with  other  enterprises,  the  size  of  the  broiler  flock  varying  from  about 
1,000  to  over  100,000  birds.  Many  of  the  operators  raise  two  or  three 
lots  of  broilers  each  year,  thereby  increasing  the  efficiency  of  labor,  equip¬ 
ment,  and  investment. 

In  an  economic  study  of  the  broiler  industry  of  Maryland  conducted 
by  the  Experiment  Station,  covering  the  broiler-producing  years  1934  to 
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1935  and  1935  to  1936.  it  was  found  that  most  of  the  operators  normally 
start  their  new  year  any  time  from  August  to  January.  More  broiler 
producers  started  their  yearly  operations  in  January  than  any  other 
month,  with  February  second,  October  third,  and  September  fourth. 
The  study  was  based  on  109  and  122  broiler  plants,  respectively,  in  each 
of  the  two  broiler  years. 

Most  of  the  broilers  produced  are  either  purebred  Barred  Plymouth 
Rocks  or  crossbreds  from  matings  of  Barred  Plymouth  Rock  males  and 
New  Hampshire  or  Rhode  Island  Red  females.  The  crossbred  birds  are 
barred,  since  the  barring  factor  is  transmitted  from  the  sire  to  the  cock- 


Fig.  208. — The  principal  broiler-producing  States,  based  on  the  approximate  number 
of  broilers  marketed  in  1934,  are  Delaware,  Virginia,  Maryland,  Connecticut,  New  York, 
California,  Georgia,  Pennsylvania,  Indiana,  and  Arkansas.  ( Termohlen ,  Kinghorne,  War¬ 
ren  and  Radabaugh,  1936.) 


erels  and  pullets.  The  reason  that  broilers  with  barred  plumage  are 
produced  is  because  the  Xew  York  broiler  market  frequently  pays  higher 
prices  for  broilers  with  barred  feathers  than  for  others,  practically  all 
of  the  broilers  being  sold  alive. 

The  age  at  which  the  broilers  were  sold  varied  from  10  to  18  weeks,  the 
average  being  13.5.  At  selling  time  the  weight  of  the  broilers  varied 
from  1.5  to  3.5  lb.,  the  average  being  2.7. 

Distribution  of  Investment. — The  average  commercial  broiler  plant 
in  Maryland  consists,  for  the  most  part,  of  a  long  shed-roof  brooder  house 
or  houses  with  small  yards  in  front.  The  houses  are  simple  in  design,  and 
coal-burning  brooder  stoves  are  used  for  brooding.  The  investment  items 
were  distributed  as  shown  in  Table  69. 
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Table  69. — Distribution  of  Investment  in  Commercial  Broiler  Plants  in 

Maryland 

(Poffenberger  and  De  Vault,  1937) 


Investment  item 

Average 
per  plant 

Average  per 
100  broilers 
produced 

Per  cent 
of  total 

Brooder  houses . 

3  975.00 

311.48 

69.9 

Brooders . 

214.80 

2.53 

15.4 

Feed  and  water  equipment . 

85 . 59 

1.00 

6.1 

Land . 

63.67 

0.75 

4.5 

Machinerv . 

22.76 

0.27 

1.6 

Fencing . 

21.31 

0.25 

1.6 

Miscellaneous . 

11.84 

0.14 

0.9 

Totals . 

31,294.97 

316.42 

100.0 

The  investment  in  brooder  houses  and  brooders  amounted  to  85.3  per 
cent  of  the  total,  all  other  items  being  comparatively  small.  The  amount 
of  land  used  was  only  1.4  acres  per  farm. 


Fig.  209. — Showing  the  percentage  distribution  of  the  cost  of  producing  and  marketing 
broilers  in  Maryland,  two-year  average  costs,  1934-1936.  ( Poffenberger  and  DeYault, 

1937.) 

Distribution  of  Expenses. — The  total  cost  of  producing  broilers  com¬ 
mercially  in  Maryland  is  shown  in  Table  70.  Feed  was  the  most  impor¬ 
tant  item  of  expense,  with  the  cost  of  baby  chicks  second,  these  two  items 
constituting  over  80  per  cent  of  the  total  cost. 

It  should  be  pointed  out  that  the  total  operating  costs  in  broiler 
production  from  the  time  the  baby  chicks  were  purchased  until  the  broilers 
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were  finally  disposed  of  included  the  cost  of  marketing  the  broilers,  which 
amounted  to  about  5  per  cent  of  all  operating  costs.  This  item  is  dis¬ 
cussed  in  a  later  section  of  this  chapter. 

Table  70. — Distribution  of  Expenses  in  Producing  Broilers  Commercially 

in  Maryland 

(Pfoffenberger  and  De  Vault,  1937) 


Expense  item 

Average 
per  plant 

Average  per  100 
broilers  produced 

Feed . 

$2,133.32 

25.11 

Baby  chicks . 

988.29 

11.64 

Labor: 

Hired  labor . 

92.39 

1.09 

Family  labor . 

245 . 78 

2.89 

General  expenses: 

Fuel . 

187.76 

2.21 

Litter . 

41.55 

0.49 

Disinfectants . 

9.44 

0.11 

Light . 

7.55 

0.09 

Water . 

5.36 

0.06 

Overhead  costs: 

Interest . 

69.96 

0.82 

Depreciation . 

64.95 

0.77 

Repairs . 

52.87 

0.63 

Taxes . 

17.27 

0.20 

Insurance . 

13.83 

0.16 

Factors  Affecting  Income. — The  gross  income  from  these  Maryland 
broiler  plants  amounted  to  $4,630.21  per  plant,  or  $54.51  per  100  broilers 
produced.  The  sale  of  broilers  accounted  for  97.3  per  cent  of  the  total 
income,  the  increase  in  inventory  for  2.2  per  cent,  and  the  home  con¬ 
sumption  of  broilers  for  0.5  per  cent.  The  net  income  obtained  was 
affected  by  a  large  number  of  factors,  some  of  the  most  important 
including  feed  cost  per  broiler,  chick  cost  per  broiler  sold,  volume  of 
business  done,  the  weight  of  the  broilers  when  sold,  mortality,  and  the 
breeding  of  the  broilers. 

Feed  Cost  per  Broiler. — Since  the  cost  of  feed  accounts  for  approxi¬ 
mately  50  per  cent  of  the  total  cost  of  producing  broilers,  it  is  obvious  that 
unless  a  properly  balanced  diet  is  used  and  proper  feeding  methods  are 
employed,  possible  profits  in  broiler  production  may  be  turned  into  losses. 
It  was  found  that  where  the  average  feed  costs  per  broiler  amounted  to 
30  to  35  cts.,  practically  no  profit  was  made.  When  the  average  feed 
cost  per  broiler  amounted  to  over  35  cts.,  the  operator  lost  money.  The 
greatest  profit  per  broiler  was  made  when  the  feed  costs  ranged  from  20 
to  24.9  cts.  per  broiler. 
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Chick  Cost  per  Broiler  Sold. — The  results  of  the  study  indicated  that 
it  did  not  pay  operators  to  secure  low-quality  chicks.  Operators  buying 
chicks  at  10  cts.  or  more  per  chick  made  greater  profits  per  broiler  sold 
than  those  who  bought  chicks  at  less  than  10  cts.  per  chick. 

Volume  of  Business. — It  was  found  that  operators  producing  on  the 
average  between  5,000  and  15,000  broilers  in  one  or  two  lots  per  year  made 
a  larger  profit  per  broiler  than  those  producing  fewer  broilers  in  one  or  two 
lots  or  more  broilers  in  three  or  four  lots  per  year. 

Weight  of  Broilers. — For  the  most  part,  operators  who  sold  broilers 
weighing  less  than  2.5  lb.  lost  money;  whereas  when  the  average  weight 
of  the  broilers  increased  up  to  about  3  lb.,  the  gross  income,  cost  of  pro¬ 
duction,  and  net  income  per  broiler  increased. 

Mortality. — On  broiler  plants  where  there  was  a  mortality  of  25  per 
cent  or  more,  the  operator  lost  money.  Very  little  money  was  made  when 
the  mortality  ranged  from  15  to  24  per  cent.  There  were  several  opera¬ 
tors  who  had  less  than  8  per  cent  mortality  in  their  broilers,  although  the 
average  mortality  among  the  broilers  produced  by  all  operators  amounted 
to  15.5  per  cent. 

During  the  first  2  weeks  40.7  per  cent  of  the  total  mortality  occurred; 
during  the  third  to  the  end  of  the  sixth  week,  29.6  per  cent;  during  the 
seventh  to  the  end  of  the  ninth  week,  18.2  per  cent;  from  the  tenth  week 
to  selling  time,  8.8  per  cent;  and  the  loss  by  accident  was  2.7  per  cent  of 
the  total  mortality. 

Crossbred  versus  Purebred  Broilers. — A  very  interesting  observation 
made  in  connection  with  the  Maryland  study  pertains  to  the  results 
secured  from  crossbred  and  from  purebred  broilers.  There  were  84 
broiler  plants  that  produced  crossbred  and  87  that  produced  purebred 
broilers,  the  total  numbers  involved  being  over  800,000  and  over  600,000, 
respectively. 

Better  results  were  secured  from  the  crossbreds  than  from  the  pure- 
breds,  largely  because  of  the  following  factors:  less  mortality,  slightly 
faster  growth  as  indicated  by  somewhat  heavier  weight  at  selling  time  at 
12.6  weeks  of  age  for  crossbreds  as  compared  with  13.7  weeks  of  age  at 
selling  time  for  purebreds,  less  feed  per  pound  of  gain,  and  a  little  higher 
selling  price  per  pound. 

ECONOMIC  FACTORS  IN  EGG  PRODUCTION 

Among  the  5,500,000  and  more  farms  in  the  United  States  on  which 
poultry  are  raised,  those  obtaining  40  per  cent  or  more  of  the  total  value 
of  all  products  of  the  farm  from  the  poultry  enterprise  are  classified  by 
the  Bureau  of  the  Census  as  poultry  farms.  On  this  basis  there  are 
probably  about  200,000  poultry  farms,  several  thousand  of  which  obtain 
practically  all  of  the  farm  income  from  poultry  and  poultry  products. 
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The  average  number  of  layers  in  the  general-farm  flock  is  probably 
in  the  neighborhood  of  70,  and  in  poultry-farm  flocks  about  350.  The 
increased  egg  production  and  profits  per  bird  that  are  usually  obtained 
from  the  poultry-farm  flock,  as  compared  with  the  general-farm  flock,  are 
accounted  for  by  the  adoption  of  better  methods  of  breeding,  feeding,  and 
management  and  better  care  of  the  products  in  spite  of  the  fact  that  the 
average  cost  of  feed  per  bird  is  usually  greater  in  the  case  of  the  poultry- 
farm  flock. 

Regardless  of  the  size  of  the  flock,  profits  in  the  poultry  enterprise 
depend  largely  on  a  favorable  relationship  existing  between  production 
costs  and  receipts  obtained,  some  of  the  factors  affecting  the  relationship 
being  beyond  the  control  of  the  producer,  while  others  are  definitely 
within  his  control.  For  instance,  the  producer  has  little  control  over  the 
price  of  feed  or  the  price  of  eggs,  but  he  can  control  to  a  considerable 
extent  such  factors  as  average  egg  production  per  bird,  the  utilization  of 
labor,  and  mortality. 

On  the  general  farm  where  about  200  laying  birds  are  maintained 
from  year  to  year,  feed  is  the  most  important  cost  factor  in  producing 
eggs,  and  the  average  number  of  eggs  produced  per  bird  is  the  most  impor¬ 
tant  factor  affecting  the  labor  income  obtained,  labor  income  being 
regarded  as  the  amount  by  which  income  exceeds  expenses  other  than 
for  the  farmer’s  and  the  family  labor.  The  importance  of  high  egg 
production  in  determining  labor  income  is  well  demonstrated  in  the  results 
secured  from  1334  farm  flocks  in  Missouri  over  a  period  of  10  years,  vari¬ 
ous  breeds  of  chickens  comprising  the  flocks. 

Table  71. — The  Relation  between  Egg  Production  and  Total  Income,  Total 
Expenses,  and  Labor  Income  per  Hen,  Respectively,  in  1,334  Farm 

Flocks  in  Missouri 
(Winton  and  Canfield,  1930) 


Average  yearly 
egg  production 

Number 
of  flocks 

Total 
income 
per  hen 

Total 
expenses 
per  hen 

Labor 
income 
per  hen 

Under  100 . 

130 

83.43 

$2.02 

$1.41 

101  to  125 . 

367 

4.11 

2.23 

1.88 

126  to  150 . 

437 

5.04 

2.54 

2.50 

151  to  175 . 

283 

5.49 

2.75 

2.74 

176  to  200 . 

95 

6.11 

2.95 

3.16 

201  and  over . 

22 

9.34 

3.67 

5.67 

When  the  flock  assumes  the  proportions  of  a  commercial  flock  from 
which  the  owner  seeks  to  obtain  the  major  share  of  his  income,  it  is  neces¬ 
sary  to  give  full  consideration  to  the  more  important  factors  influencing 
profits. 
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The  Capital  Investment. — The  capital  investment  in  a  commercial- 
poultry  plant  varies  greatly  in  different  parts  of  the  country,  being  influ¬ 
enced  largely  by  the  price  of  land  and  building  materials  and  the  cost  of 
labor  in  construction  work.  Moreover,  because  of  changing  poultry 
practices,  such  as  the  all-year  confinement  of  laying  stock,  the  relative 
amount  of  money  invested  in  land  and  buildings  may  change  from  time  to 
time.  Several  state  experiment  stations  have  compiled  data  on  the 
capital  investment  in  commercial  poultry  farms  in  their  respective  states. 

The  data  from  different  sources  are  in  agreement  in  showing  that  the 
investment  in  laying  houses  and  young  stock  and  laying  hens  constitutes 
the  major  share  of  the  total  investment.  The  investment  in  laying  houses 
varies  from  about  25  per  cent  of  the  total  investment  in  some  sections  of 
the  country  to  as  high  as  45  per  cent  in  other  sections.  Likewise  the 
investment  in  poultry  varies  from  25  to  as  high  as  40  per  cent  of  the  total 
investment. 

No  set  of  figures  for  the  different  items  of  the  capital  investment 
could  be  given  that  would  be  applicable  to  any  section  of  the  country. 
The  only  suggestion  that  can  be  made  is  that  the  quality  of  the  stock 
should  be  the  best  available  and  the  houses  should  be  so  constructed  as 
to  give  the  most  satisfactory  results  in  order  that  the  best  possible  returns 
may  be  secured  from  the  total  capital  investment.  At  the  same  time  the 
amount  of  money  invested  in  machinery,  equipment,  and  other  items 
should  receive  the  most  careful  consideration  in  order  that  the  poultry 
plant  may  be  placed  on  the  most  efficient  operating  basis. 

Expense  and  Income  Factors. — It  is  well  for  poultrymen  to  know 
which  phases  of  their  poultry  operations  are  economically  the  most 
important  in  order  that  the  business  may  be  conducted  most  intelli¬ 
gently.  Data  compiled  from  surveys  conducted  in  Oregon,  California, 
New  Jersey,  and  New  York  are  somewhat  typical  of  observations  made 
in  other  states  and  are  given  here  in  terms  of  percentages,  for  the  simple 
reason  that  price  variations  are  sometimes  so  great  from  year  to  year  and 
between  different  sections  of  the  country  that  actual  prices  frequently 
have  little  meaning  when  applied  to  a  local  situation.  Moreover,  the 
relative  importance  of  the  different  items  of  expense  and  income  is  of 
particular  interest  to  the  operator. 

In  Table  72  the  Oregon  data  were  compiled  from  441  flock  records 
made  in  1926,  1927,  and  1928;  the  California  data,  from  numerous 
Sonoma  County  flock  records  in  1925;  the  New  Jersey  data,  from  35 
large-sized  flock  records  obtained  in  1933;  and  the  New  York  data,  from 
32  flock  records  on  Long  Island  in  1926. 

It  is  quite  obvious  that  feed  is  by  far  the  most  important  single  item 
of  expense  in  commercial  egg  production.  The  next  most  important 
single  factor  is  labor,  including  the  operator’s  and  hired.  Other  items, 
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some  of  which  are  relatively  important,  include  interest,  depreciation, 
water,  taxes,  and  poultry  bought.  It  follows,  therefore,  that  the  most 
intelligent  operation  of  a  commercial  poultry  plant  involves  good  feeding 
practices  and  the  efficient  utilization  of  labor. 


Table  72. — Items  of  Expense  in  Operating  a  Poultry  Plant 


Item 

Per  cent  of  total  expenses 

Oregon1 

California2 

New  Jersey3 

New  York4 

Feed . 

54 

54 

41 

45 

Labor . 

19 

15 

18 

22 

All  others . 

27 

31 

41 

33 

1  Scudder  and  coworkers,  1931.  2  Buster  and  Fluharty,  1926. 

3  Waller  and  Carncross,  1934.  4  Misner  and  coworkers,  1923. 


The  sources  of  income  include  the  receipts  obtained  from  market  and 
hatching  eggs  and  from  poultry  and  poultry  products,  those  from  market 
eggs  being  by  far  the  most  important  item  on  most  commercial  poultry 
plants  except  broiler-  or  other  specialized  meat-producing  plants.  Data 
from  the  same  sources  are  given  in  the  next  table. 


Table  73. — Sources  of  Income  in  Operating  a  Poultry  Plant 


Item 

Per  cent  of  total  income 

Oregon 

California 

New  Jersey 

New  York 

Market  eggs . 

76 

83 

81 

68 

Hatching  eggs . 

5 

10 

3 

Baby  chicks . 

.  . 

.  . 

4 

5 

Breeding  stock . 

.  . 

.  . 

5 

Market  poultry . 

8 

4 

11 

18 

All  others . 

11 

3 

1 

4 

The  income  obtained  from  market  eggs  is  determined  by  the  number  of 
eggs  produced  and  their  price,  and  the  proportion  of  the  income  obtained 
from  market  eggs  as  compared  with  other  sources  of  income  depends 
largely  upon  the  extent  to  which  the  operator  sells  hatching  eggs  or  baby 
chicks  and  the  value  of  the  market  poultry  sold. 

Factors  Determining  Labor  Income. — From  an  analysis  of  data 
secured  on  49  Connecticut  poultry  farms  for  the  poultry  year  ending  in 
the  fall  of  1935  it  was  found  that  the  six  most  important  factors  deter- 
mining  labor  income  were:  (1)  average  annual  egg  production  per  bird, 
(2)  average  number  of  eggs  produced  per  bird  during  October  and 
November,  (3)  laying-flock  mortality,  (4)  efficient  utilization  of  labor, 
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(5)  efficient  utilization  of  investment,  and  (6)  size  of  business.  In  the 
Connecticut  study  the  average  number  of  laying  birds  housed  was  1,191, 
and  the  average  number  of  laying  birds  for  the  year  was  867.  Although 
the  returns  secured  from  these  flocks  are  given  in  terms  of  dollars,  the 
important  fact  for  poultrymen  to  keep  in  mind  is  the  relationship  that 
exists  between  factors  that  determine  differences  in  the  returns  secured, 
realizing  that,  if  the  records  had  been  obtained  for  a  different  year,  the 
actual  returns  secured  would  probably  have  been  somewhat  different. 

Importance  of  Good  Annual  Egg  Production. — It  was  found  that 
good  egg  production  was  essential  in  securing  a  good  labor  income, 
although  there  were  some  flocks  that  laid  well  but  gave  a  low  labor  income 
because  of  excessive  labor  costs,  inefficiency  in  management,  small-size 
business,  or  other  reasons.  All  flocks  that  laid  less  than  150  eggs  per  bird 
provided  a  relatively  low  labor  income  unless  the  operators  had  a  special 
market.  On  a  hen-day  basis  the  average  egg  production  per  bird  was 
164  eggs,  the  highest  average  production  being  190  and  the  lowest  118 
eggs. 


Table  74. — Labor  Income  in  Relation  to  Annual  Egg  Production 

(Putnam,  1935) 


Average  egg 

Number 

Labor  income 

production  per  bird 

of  flocks 

per  flock 

Under  150  . 

10 

$  61 

150  to  159.9 . 

7 

1,203 

160  to  169  9 . 

11 

2,191 

170  to  179  9 . 

9 

1,988 

2,656 

180  and  over . 

12 

The  average  number  of  eggs  laid  by  a  flock  is  determined  largely  by 
the  breeding  quality  of  the  flock,  relative  freedom  from  disease,  the 
feeding  of  well-balanced  diets,  and  other  methods  of  management.  In 
many  cases  the  proportion  of  pullets  in  the  flock  also  has  a  bearing  on 
the  number  of  eggs  produced.  Pullets  lay  better  on  the  average  than 
yearling  and  older  hens.  It  may  also  be  pointed  out  that  the  better  the 
bred-to-lay  quality  of  the  flock  the  less  the  amount  of  culling  necessary 
in  order  to  maintain  the  flock  on  an  efficient  basis  of  egg  production. 

Good  Fall  Production  Necessary. — Since  market-egg  prices  are  rela¬ 
tively  higher  during  the  late  summer  and  fall  months  than  at  other  times, 
it  is  important  to  have  the  hens  continue  in  production  late  in  the  fall. 
The  Connecticut  records  demonstrate  that  the  labor  income  obtained  is 
definitely  related  to  the  average  number  of  eggs  laid  during  October  and 
November. 
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Table  75. — Labor  Income  in  Relation  to  Egg  Production  during  October  and 

November 
(Putnam,  1935) 


Average  egg  production 
per  bird,  October  and  November 

No.  of 
flocks 

Average  yearly  egg 
production  per  bird 

Labor  income 
per  flock 

15  or  less . 

8 

149 

$  52 

15. 1  to  20 . 

17 

158 

1,364 

20 . 1  to  25 . 

14 

170 

1,699 

25.1  and  over . 

10 

178 

3,551 

It  appears  that  the  average  number  of  eggs  laid  per  bird  during  Octo¬ 
ber  and  November  has  a  very  important  bearing  on  labor  income.  Fur¬ 
thermore,  since  persistence  of  production  is  related  to  first-year  egg 
production,  it  is  important  that  the  flock  be  carefully  culled  during  the 
summer  and  the  best  birds  put  under  artificial  light  in  a  barracks  house,  as 
explained  in  the  chapter  on  Feeding  Practices. 

High  Mortality  Lowers  Income. — Many  poultrymen  overlook  the 
relative  effects  of  laying-flock  mortality  on  labor  income,  the  relationship 
between  these  two  factors  being  brought  out  clearly  in  the  Connecticut 
records. 


Table  76. — Labor  Income  in  Relation  to  Mortality 

(Putnam,  1935) 


Per  cent 
mortality 

No.  of 
flocks 

Average  egg  pro¬ 
duction  per  bird 

Labor  income 
per  flock 

20  and  over . 

11 

154 

8  666 

10  to  20 . 

22 

164 

1,330 

2,894 

LTnder  10 . 

16 

172 

The  data  in  these  tables  show  that,  for  each  10  per  cent  decrease  in 
laying  flock  mortality,  the  labor  income  per  flock  was  practically  doubled. 

Efficient  Utilization  of  Labor. — The  utilization  of  labor  is  affected 
by  a  variety  of  factors,  including  the  number  of  birds  being  cared  for  per 
man,  the  location  and  arrangement  of  the  poultry  houses,  the  convenience 
of  facilities,  and  the  planning  and  carrying  out  of  the  routine  problems  in 
management.  Almost  any  two  men  given  identical  flocks  under  identical 
conditions  would  invariably  get  quite  different  results.  The  Connecticut 
records  demonstrate  that  the  best  measure  of  labor  efficiency  was  the 
amount  of  the  receipts  per  $1  labor  cost. 

On  many  poultry  plants  there  are  too  few  birds  in  the  flock  for  the 
most  efficient  utilization  of  labor,  and  on  many  other  poultry  plants  the 
laying  houses  and  other  buildings  are  poorly  arranged,  resulting  in  much 
wastage  of  time  in  caring  for  the  birds. 
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Table  77. — Labor  Income  in  Relation  to  Utilization  of  Labor 

(Putnam,  1935) 


Gross  receipts  per 

81  labor  cost 

No.  of 
farms 

Labor  income 
per  flock 

Below  83.00 . 

11 

8  137 

S3 . 00  to  3 . 99 . 

13 

955 

4.00  to  4.99 . 

9 

1.346 

5 . 00  to  5 . 99 . 

7 

2.315 

6.00  and  over . 

9 

4,516 

Efficient  Utilization  of  Investment. — In  the  expansion  of  the  poultry 
industry  of  the  United  States  too  many  poultry  plants  have  gone  on  the 
rocks  shortly  after  being  started  because  of  unwise  investment  in  build¬ 
ings  and  other  items  that  were  much  more  expensive  than  justified. 
Overhead  costs,  such  as  taxes,  interest,  insurance,  depreciation,  repairs, 
and  upkeep  on  these  plants,  were  excessive.  These  fixed  costs  also 
become  excessive  when  a  poultry  plant  is  not  developed  or  operated  on 
the  most  efficient  basis  possible.  Practically  all  of  the  fixed  costs  remain 
in  full  effect  even  when  one-half  or  more  of  the  poultry  plant  is  idle. 

In  the  Connecticut  survey  it  was  found  that  the  cash  sales  per  SI 
investment  proved  to  be  a  better  measure  of  successful  operation  in 
obtaining  a  satisfactory  labor  income  from  the  flock  than  overhead  costs 
per  bird.  Sales  per  SI  investment  take  into  account  the  relative  capacity 
at  which  the  plant  is  operated. 

Table  78. — Labor  Income  in  Relation  to  Utilization  of  Investment 

(Putnam  1935) 


Cash  sales  per 

81  investment 

No.  of 
farms 

Labor  income 
per  flock 

Over  80.80 . 

10 

S4.406 

80.60  to  80.80 . 

17 

1.421 

0.40  to  0.59 . 

13 

1.189 

0 . 20  to  0.39 . 

6 

0.501 

Lender  20 . 

3 

-1.258 

Unwise  original  investment  and  high  overhead  costs  are  the  cause  of 
low  earning  capacity  of  many  poultry  plants.  The  problem  of  securing 
full  utilization  of  investment  and  reducing  overhead  costs  is  accomplished 
by  developing  a  business  organization  that  will  provide  a  good  labor 
income  if  operated  efficiently.  This  means  increasing  the  size  of  the 
business  on  many  poultry  plants. 

Sufficient  Size  of  Business. — A  poultry  business  of  sufficient  size 
provides  for  the  most  efficient  utilization  of  labor  and  investment  and, 
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furthermore,  makes  it  possible  to  secure  top  prices  for  graded  products 
because  of  the  volume  of  products  that  makes  grading  possible.  The 
results  of  the  Connecticut  survey  show  that  few  poultry  flocks  having  a 
small  volume  of  business  were  able  to  utilize  either  labor  or  investment 
efficiently.  It  was  also  found,  however,  that  not  all  large-scale  businesses 
utilized  their  labor  or  investment  most  efficiently.  On  the  average,  the 
larger  the  volume  of  business  the  greater  was  the  labor  income. 


Table  79. — Labor  Income  in  Relation  to  Volume  of  Business 

(Putnam,  1935) 


Volume  of  business 

No.  of 
farms 

Labor  income 
per  flock 

Below  $4 , 000 . 

16 

$  247 

$4 , 000  to  5 . 999 . 

14 

1,445 

6,000  to  7,999 . 

7 

1,457 

8,000  to  9.999 . 

2 

1,689 

10,000  and  over . 

10 

4,506 

The  size  of  a  business  is  increased  by  enlarging  the  size  of  the  flock. 
Volume  of  business  can  be  increased  by  securing  better  egg  production. 
The  earnings  of  the  business  can  be  increased  in  different  ways:  (1)  by 
selling  market  eggs  retail  instead  of  wholesale,  if  the  situation  permits; 
(2)  by  selling  through  an  egg  and  poultry  auction;  (3)  by  selling  hatching 
eggs  and  baby  chicks;  and  (4)  by  selling  breeding  stock.  When  eggs  are 
sold  at  wholesale  prices  it  appears  that  a  one-man  flock  unit  should 
consist  of  approximately  1,500  layers.  Where  baby  chicks  and  breeding- 
stock,  in  addition  to  market  eggs,  are  sold  the  size  of  the  flock  may 
consist  of  approximately  800  birds. 

Among  the  Connecticut  poultry  farms  it  was  found  that  where  the 
market  eggs  were  sold  wholesale,  the  average  cash  sales  per  $1  investment 
amounted  to  49  cts.;  where  eggs  were  sold  retail  or  hatching  eggs  were 
sold,  the  average  cash  sales  per  $1  investment  was  58  cts.;  where  baby 
chicks  and  breeding  stock  were  sold  in  addition  to  market  eggs,  the  average 
cash  sales  per  $1  investment  was  91  cts. 

Six  Factors  for  Efficient  Management. — The  six  factors,  annual  egg 
production,  October  and  November  egg  production,  laying-flock  mor¬ 
tality,  utilization  of  labor,  utilization  of  investment,  and  size  of  business, 
are  good  measures  of  efficient  management.  An  operator  may  be  efficient 
as  measured  by  three  of  these  factors  but  deficient  when  measured  by  the 
other  three  factors.  Seven  of  the  Connecticut  poultry  farms  were  found 
to  be  below  the  average  in  all  six  factors,  with  the  result  that  the  average 
labor  income  was  minus  $300.  Seven  other  poultry  farms  were  found  to 
b°  above  the  average  in  all  six  factors,  and  these  farms  had  an  average 
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labor  income  of  $4,516.  Inefficient  management  in  all  six  factors  cost 
the  first  seven  operators  $4,816,  on  the  average. 

Table  80. — Labor  Income  in  Relation  to  Efficiency  among  Six  Factors 

(Putnam,  1935) 


No.  of  factors  in 
which  farms  excelled 

No.  of 
farms 

Labor  income 
per  flock 

None 

7 

-$  300 

1 

7 

734 

2 

9 

1223 

3 

10 

1247 

4 

5 

2209 

5 

4 

3431 

6 

7 

4516 

It  is  clearly  apparent  from  the  foregoing  data  that  it  is  possible  for 
many  poultrymen  to  make  changes  and  perfect  the  organization  of  their 
business,  thereby  increasing  their  labor  income.  It  is  first  necessary  to 
develop  a  good  business  organization,  and  then  the  organization  must  be 
operated  as  efficiently  as  possible  in  order  to  secure  the  greatest  possible 
utilization  of  labor  and  investment.  The  competition  in  the  production 
of  market  eggs  that  will  command  best  prices  and  yield  the  greatest 
profits  is  becoming  keener  each  year,  and  in  order  to  stay  in  the  business 
and  make  a  good  living  those  engaged  in  the  business  must  become 
increasingly  competent. 

Importance  of  Egg  and  Feed  Prices. — The  influence  of  various  factors 
that  are  under  the  control  of  the  poultryman  in  determining  labor  income 
has  been  discussed.  It  is  important  now  to  consider  the  influence  on 
labor  income  of  some  important  factors  over  which  the  poultryman  has 
very  little  control.  By  and  large,  he  is  obliged  to  accept  the  established 
price  for  the  grade  of  eggs  offered  and  must  pay  the  prevailing  price  for 
feed. 

A  poultryman  may  be  an  efficient  manager  and  secure  good  production 
but  be  a  poor  salesman  and  not  sell  his  product  to  best  advantage.  Like¬ 
wise,  a  poultryman  may  not  purchase  his  feed  to  best  advantage.  Good 
salesmanship  in  selling  market  eggs  and  ability  to  purchase  a  well-bal¬ 
anced  diet  at  least  cost  are  very  important  factors  in  determining  the  labor 
income  obtained. 

It  has  been  pointed  out  previously  that  the  cost  of  feed  is  the  most 
important  single  cost  factor  in  producing  eggs,  amounting  to  one-half  or 
more  of  the  total  costs  on  many  poultry  plants.  High  feed  costs  and 
low  egg  prices  mean  relatively  low  labor  income  even  under  the  most 
efficient  methods  of  management. 
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The  feed: egg  price  ratio  has  an  important  bearing  on  the  expansion 
or  contraction  of  the  poultry  business  from  year  to  year  and  from  season 
to  season.  Relatively  high  feed  costs  are  naturally  unfavorable  for  egg 
production,  whereas  relatively  low  ones  are  favorable. 


Fig.  210. — Calculation  of  feed  cost  per  dozen  and  necessary  selling  price  at  varying 
feed  prices  and  at  various  levels  of  egg  production.  It  is  assumed  that  100  hens  will  con¬ 
sume  22.5  lb.  of  feed  per  day  and  that  feed  cost  is  60  per  cent  of  the  total  cost  of  production. 
(Card,  1929.) 


When  feed  prices  are  relatively  high  and  average  egg  prices  relatively 
low,  it  is  most  important  for  the  poultryman  to  purchase  his  feed  as 
economically  as  possible  without  sacrificing  its  egg-producing  value. 
Moreover,  efficient  poultrymen  usually  secure  a  premium  for  their  eggs. 
With  a  flock  of  1,000  layers,  averaging  150  eggs  each,  a  saving  of  S3  per 
ton  on  a  good  egg-producing  diet  and  a  premium  of  1  cts.  per  dozen  would 
increase  the  labor  income  from  the  flock  by  $250. 
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ECONOMIC  FACTORS  IN  MARKETING 

The  costs  of  marketing  poultry  and  poultry  products  have  an  impor¬ 
tant  bearing  on  prices  paid  to  producers  and  on  those  paid  by  consumers. 
The  distributor  has  a  legitimate  function  to  perform  and  is  entitled  to  a 
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Fig.  211. — The  feed:  egg  price  ratio  measures  the  relationship  between  feed  costs  and 
egg  prices.  Since  feed  costs  are  by  far  the  most  important  costs  of  egg  production,  this 
relationship  is  perhaps  the  most  important  forecasting  device  available  with  respect  to  the 
poultry  industry. 

When  the  feed:  egg  ratio  is  above  average  (high)  it  indicates  that  feed  costs  are  high 
and  to  the  producer  of  eggs  the  situation  is  unfavorable.  Under  this  circumstance  cur¬ 
tailment  of  egg  production  is  to  be  expected,  the  evidence  of  which  appears  in  several 
forms.  Close  culling  of  laying  flocks  and  heavy  marketing  of  fowl  are  one  evidence  of 
curtailment.  A  decrease  in  the  number  of  chicks  hatched  also  reflects  the  effect  of  the 
unfavorable  situation  on  the  producers’  plans  to  maintain  laying  flocks  by  replacement  of 
hens  with  pullets. 

A  low  feed:  egg  ratio  shows  low  feed  costs  relative  to  egg  prices,  and  a  favorable  situa¬ 
tion  for  egg  producers.  More  liberal  feeding  is  likely  to  increase  production  per  hen. 
Culling  is  relaxed  and  marketings  of  fowl  less  heavy,  especially  out  of  season.  Heavy 
hatchings  for  replacement  reflect  the  intention  of  the  producer  to  maintain  the  laying 
flocks  both  in  numbers  and  efficiency. 

The  feed: egg  price  ratio  is  calculated  weekly  from  prices  quoted  at  wholesale.  Feed 
prices  are  in  carlots  at  or  near  Chicago  and  include  mostly  corn  and  wheat,  but  barley, 
bran,  and  tankage  are  added,  the  latter  to  reflect  the  cost  of  animal  protein.  Although 
producers  do  not  all  use  this  diet  either  as  to  ingredients  or  the  proportions  here  used  for 
their  combination,  this  group  does  reflect  general  changes  in  feed  costs.  Egg  prices  are 
for  fresh  graded  Firsts  at  Chicago.  This  ratio  does  not  represent  actual  farm  conditions 
but  its  changes  do  show  changes  in  the  situation  on  farms  in  the  important  egg  and  poultry 
producing  area  in  the  Northcentral  states  and  more  generally  for  the  country  as  a  whole. 
( U .  S.  Dept.  Agr.) 

fair  profit  for  his  services.  Excessive  costs  in  distribution,  however,  are 
harmful  because  they  result  in  lower  prices  being  paid  to  producers  and 
higher  charges  being  paid  by  consumers.  For  the  most  part,  consumers 
are  willing  to  pay  a  relatively  good  price  for  poultry  products  of  superior 
quality,  but  excessive  charges  tend  to  curtail  consumption. 


1925  1927  1929  1931  1933  1935  1937 
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Although  the  producer  has  little  control  over  the  prices  of  poultry 
and  poultry  products,  he  can  do  a  great  deal  to  reduce  marketing  costs  by 
offering  on  the  market  only  superior  quality  products.  Selling  to  the 
distributor  eggs  that  spoil  under  the  best  conditions  of  transportation 
and  storage  and  selling  thin,  scrawny,  and  emaciated  poultry  increase 


Fig.  212. — The  middlewestern  states  and  Texas  supplied  about  81  per  cent  of  the 
dressed  poultry  received  at  the  New  York,  Boston,  Philadelphia,  and  Chicago  markets  in 
1936.  In  classifying  the  receipts,  the  earliest  point  of  origin  shown  in  the  billing  is  used. 
Shipments  stored  in  transit  which  on  reshipment  show  the  first  point  of  origin  would 
therefore  be  classified  correctly.  Since  some  lots  are  reshipped  but  are  shown  as  originating 
at  intermediate  points,  the  figures  on  which  this  chart  is  based  include  some  intermarket 
shipments.  The  classification  is  thought  to  be  a  fair  indication  of  the  real  origin  of  dressed 
poultry  arriving  at  the  four  markets.  Distance  from  the  consuming  centers  adds  to  ship¬ 
ping  costs.  ( U .  S.  Egg  and  Poul.  Mag.) 


the  costs  of  marketing  and  lower  the  average  price  for  all  products  paid 
to  the  producer.  Moreover,  the  marketing  of  low-grade  products  tends 
to  decrease  consumption,  which  is  not  to  the  producers’  best  interests. 

The  shipping  charges  and  handling  expenses  comprise  the  principal 
costs  in  marketing,  the  greater  the  distance  a  product  has  to  be  shipped 
the  greater  being  the  costs  in  marketing.  The  industrial  East,  comprising 
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such  important  consuming  centers  as  New  York,  Philadelphia,  Boston, 
and  many  other  cities,  constitutes  the  dominant  egg  and  poultry  markets. 
Poultry  and  poultry  products  produced  in  areas  adjacent  to  these 
important  consuming  centers  enjoy  a  distinct  advantage  from  the  stand¬ 
point  of  price  and  cost  in  marketing. 

On  the  other  hand,  poultry  and  poultry  products  can  be  produced 
more  cheaply  on  the  average  in  the  corn  and  wheat  belts,  where  grain  is 
less  expensive  than  in  other  sections.  It  is  possible,  therefore,  for  pro¬ 
ducers  in  the  Middle  West  to  receive  less  for  their  products  and  still 
compete  successfully  with  producers  in  the  Northeast  and  on  the  Pacific 
Coast.  The  latter  two  regions  must  of  necessity  strive  to  produce  a 
superior  quality  of  product  which  will  command  a  better  price  if  they  are 
to  stay  in  business. 

There  are  very  few  data  on  the  costs  of  marketing  poultry  and  poultry 
products,  a  fact  that  is  understandable  when  the  complex  problems  of 
marketing  are  taken  into  consideration. 

Officials  in  the  U.  S.  Department  of  Agriculture  have  estimated  that 
the  poultry  producer  receives  approximately  66  per  cent  of  the  price 
that  the  consumer  pays  for  eggs.  Eggs  are  marketed  in  so  many  dif¬ 
ferent  ways  that  it  is  impossible  to  give  marketing  cost  data  for  each 
of  the  different  ways.  The  data  in  the  accompanying  table,  giving  the 
costs  of  marketing  eggs  by  members  of  the  Utah  Poultry  Producers 
Cooperative  Association,  show  the  relationship  that  exists  among  the 
various  cost  factors  and  serve  to  illustrate  the  approximate  cost  of 
marketing  eggs  from  the  Middlewest  and  other  surplus-producing  areas. 

Table  81. — Distribution  of  Average  Costs  of  Marketing  Utah  Eggs,  Per  Case 
and  Per  Dozen,  in  New  York  City,  December,  1936 

(Scanlan,  1937) 


Marketing  costs 

Item 

Per  case, 
dollars 

Per  dozen, 
cents 

Association  overhead . 

Station  costs . 

.  14 

.34 

.46 

1  . 13 

Cases,  flats,  and  fillers  . 

.40 

1.33 

Shipping  . 

1  19 

3.97 

Selling  . 

.20 

.67 

Total  . 

2.27 

7.56 

When  eggs  are  placed  in  storage  the  costs  in  cents  per  dozen  have 
been  estimated  as  follows:  warehouse  rental  1.2  cts. ;  interest  1.2  cts. ; 
insurance,  0.3  cts. 
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The  costs  of  marketing  poultry  are  relatively  greater  than  those 
of  marketing  eggs.  It  has  been  observed,  for  instance,  that  in  the  market¬ 
ing  of  live  poultry  in  New  York  City  certain  marketing  charges  are 
excessive  because  of  the  abnormal  conditions  prevailing  in  the  distribution 
of  live  poultry  from  the  time  it  arrives  at  the  terminal  market. 


EGG  RECEIPTS:  FOUR  LEADING  MARKETS*  FROM 
REGIONS  OF  ORIGIN,  1924-36 


■I  Mid-west  East  V/A  Pacific  and  Mountain  I South 

*  NEW  YORK.  CHICAGO,  PHILADELPHIA,  BOSTON 

Fig.  213. — Receipts  at  the  New  York,  Boston,  Philadelphia,  and  Chicago  markets  show 
the  volume  of  eggs  flowing  through  market  channels  at  these  four  markets  from  regions  of 
origin,  1924-1936.  They  do  not  show  sales  made  direct  from  producer  to  consumer  or  to 
retailer  and  therefore  are  not  to  be  considered  as  total  sales  or  total  production.  The 
Middle  West  is  the  most  important  source  of  eggs  for  these  markets,  but  the  East  has  been 
supplying  an  increasing  proportion  during  the  last  4  years.  At  the  same  time  there  has 
been  a  tendency  for  receipts  from  the  Middle  West  and  the  Mountain  and  Pacific  areas  to 
decline.  Falling  prices  made  freight  rates  very  burdensome  and  discouraged  production 
in  these  areas  at  some  distance  from  the  market.  ( U .  S.  Dept.  Agr.) 

The  estimated  cost,  given  in  Table  82  of  marketing  live  and 
dressed  poultry  produced  in  Missouri  and  sold  retail  in  New  York 
City  gives  some  conception  of  the  different  cost  factors  involved. 

A  simple  illustration  may  be  given  to  emphasize  the  complicating 
factors  involved  in  marketing  live  poultry.  In  a  comprehensive  study 
of  the  marketing  of  broilers  produced  in  Maryland  it  was  found  that 
broiler  operators  who  shipped  live  broilers  on  consignment  incurred 
marketing  costs  equivalent  to  approximately  5  per  cent  of  their  total 
operating  expenses.  These  marketing  costs  included  various  items,  the 
percentage  that  each  contributed  to  the  total  cost  of  marketing  being  as 
follows:  commission  charges,  38.5;  shrinkage,  35.9;  transportation,  22.4; 
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labor,  1.9;  the  cost  of  crates  and  loss  from  death,  1.3.  This  is  a  good 
illustration  of  the  ramifications  involved  in  the  marketing  of  live  poultry. 

The  total  cost  of  marketing  the  various  classes  of  dressed  poultry  is 
somewhat  higher  than  is  the  cost  of  marketing  eggs,  and  has  been  esti¬ 
mated  as  nearly  50  per  cent  of  the  retail  price.  Officials  of  the  U.  S. 
Department  of  Agriculture  have  estimated  that  producers  receive  on  the 
average  57  per  cent  of  the  retail  price  of  fowl. 


Table  82. — Estimated  Cost  of  Marketing  Poultry  from  Producers  in  Missouri 

to  Retail  in  New  York  City1 
(Sprague,  Sturgess,  and  Radabauch,  1937) 


Cost  of  marketing 
per  pound,  cents 


Item 


Live  Dressed 
poultry  poultry 


Procurement  cost,  buying  and  trucking . 

Cost  of  country-plant  operation,  including  shrinkage 

Cost  of  package . 

Freight . 

Carman . . . 

Feed . 

Unloading,  including  storage  for  dressed  poultry.  .  . 

Coops . 

Trucking  at  New  York  City . 

Commission . 

Slaughtering,  including  shrinkage  and  trucking.  .  .  . 
Delivery  and  bad  debts . 

Total . 


2 

0 

2 

0 

0 

6 

5 

0 

.  . 

. 

0 

5 

1 

8 

1 

4 

0 

5 

0 

6 

0 

3 

0 

3 

0 

4 

0 

3 

1 

0 

0 

5 

4 

0 

0 

2 

0 

5 

0 

3 

12 

0 

10 

2 

1  Data  in  this  table  were  compiled  from  actual  cost  figures,  questionnaires  to  shippers,  and  informa¬ 
tion  received  from  shippers  and  plant  operators. 


The  possibility  of  the  producer’s  receiving  a  greater  share  of  the 
consumer’s  dollar  will  be  increased  by  the  extent  to  which  there  is  a 
general  improvement  in  the  quality  of  poultry  and  poultry  products 
offered  for  market  and  by  the  extent  to  which  increased  efficiency  is 
developed  in  the  various  marketing  and  processing  practices. 
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AGRICULTURAL  COLLEGES 
AND  EXPERIMENT  STATIONS 
IN  THE  UNITED  STATES  AND  CANADA 

Much  of  the  material  in  this  book  is  based  upon  the  results  of  research  carried  on 
at  the  various  state  experiment  stations  and  other  public  institutions,  especially  in 
the  United  States  and  Canada.  Many  of  these  institutions  are  referred  to  in  the  con¬ 
text.  Since  it  is  highly  probable  that  some  readers  of  this  book  would  like  to  write 
the  institutions  for  further  information  along  certain  lines,  this  list  of  institutions  with 
their  addresses  has  been  prepared.  Except  where  noted,  the  state  experiment 
stations  in  the  United  States  are  at  the  colleges  of  agriculture. 

United  States 

Alabama:  College  of  Agriculture,  Auburn. 

Arizona:  College  of  Agriculture,  Tucson. 

Arkansas:  College  of  Agriculture,  Fayetteville. 

California:  College  of  Agriculture,  Berkeley. 

Colorado:  College  of  Agriculture,  Fort  Collins. 

Connecticut:  College  of  Agriculture,  Storrs. 

Delaware:  College  of  Agriculture,  Newark. 

Florida:  College  of  Agriculture,  Gainesville. 

Georgia:  College  of  Agriculture,  Athens. 

Idaho:  College  of  Agriculture,  Moscow. 

Illinois:  College  of  Agriculture,  Urbana. 

Indiana:  College  of  Agriculture,  Lafayette. 

Iowa:  College  of  Agriculture,  Ames. 

Kansas:  College  of  Agriculture,  Manhattan. 

Kentucky:  College  of  Agriculture,  Lexington. 

Louisiana:  College  of  Agriculture,  Baton  Rouge. 

Maine:  College  of  Agriculture,  Orono. 

Maryland:  College  of  Agriculture,  College  Park. 

Massachusetts:  College  of  Agriculture,  Amherst. 

Michigan :  College  of  Agriculture,  East  Lansing. 

Minnesota:  College  of  Agriculture,  St.  Paul. 

Mississippi:  College  of  Agriculture,  State  College. 

Missouri:  College  of  Agriculture,  Columbia. 

Missouri:  Poultry  Experiment  Station,  Mountain  Grove. 

Montana:  College  of  Agriculture,  Bozeman. 

Nebraska:  College  of  Agriculture,  Lincoln. 

Nevada:  College  of  Agriculture,  Reno. 

New  Hampshire:  College  of  Agriculture,  Durham. 

New  Jersey:  College  of  Agriculture,  New  Brunswick. 

New  Mexico:  College  of  Agriculture,  State  College. 

New  York:  College  of  Agriculture,  Ithaca. 

North  Carolina:  College  of  Agriculture,  Raleigh. 
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North  Dakota:  College  of  Agriculture,  Fargo. 

Ohio:  College  of  Agriculture,  Columbus. 

Ohio:  Experiment  Station,  Wooster. 

Oklahoma:  College  of  Agriculture,  Stillwater. 

Oregon :  College  of  Agriculture,  Corvallis. 

Pennsylvania:  College  of  Agriculture,  State  College. 

Rhode  Island:  College  of  Agriculture,  Kingston. 

South  Carolina:  College  of  Agriculture,  Clemson. 

South  Dakota:  College  of  Agriculture,  Brookings. 

Tennessee:  College  of  Agriculture,  Knoxville. 

Texas:  College  of  Agriculture,  College  Station. 

Utah:  College  of  Agriculture,  Logan. 

Vermont:  College  of  Agriculture,  Burlington. 

Virginia:  College  of  Agriculture,  Blacksburg. 

Washington:  College  of  Agriculture,  Pullman. 

Washington:  Western  Washington  Experiment  Station,  Puyallup. 
West  Virginia:  College  of  Agriculture,  Morgantown. 

Wisconsin:  College  of  Agriculture,  Madison. 

Wyoming:  College  of  Agriculture,  Laramie. 

United  States  Department  of  Agriculture,  Washington,  D.  C. 

National  Agricultural  Research  Center,  Beltsville,  Maryland. 

Canada 

Alberta:  College  of  Agriculture,  Edmonton. 

British  Columbia:  College  of  Agriculture,  Vancouver. 

Manitoba:  College  of  Agriculture,  Winnipeg. 

Nova  Scotia:  College  of  Agriculture,  Truro. 

Ontario:  College  of  Agriculture,  Guelph. 

Quebec:  Macdonald  College,  Macdonald  College. 

Saskatchewan:  College  of  Agriculture,  Saskatoon. 

Dominion  Department  of  Agriculture,  Ottawa. 


TECHNICAL  JOURNALS  AND  ABSTRACT  REVIEWS 


The  selected  literature  cited  at  the  end  of  different  chapters  contains  references 
to  technical  articles  published  in  various  journals  and  periodicals.  The  following  list 
comprises  the  more  important  technical  journals  and  abstract  reviews,  such  as  Bio¬ 
chemical  Abstracts,  Biological  Abstracts,  and  Experiment  Station  Record,  published  in 
English. 

American  Journal  of  Anatomy.  Philadelphia. 

American  Naturalist.  New  York. 

Anatomical  Record.  Philadelphia. 

Biochemical  Abstracts.  Philadelphia. 

Biochemical  Journal.  London. 

Biological  Abstracts.  Philadelphia. 

Biological  Bulletin.  Woods  Hole,  Mass. 

Canadian  Journal  of  Research.  Ottawa. 

Endocrinology.  Los  Angeles,  Calif. 

Experiment  Station  Record.  Washington,  D.  C. 

Genetics.  Brooklyn,  N.  Y. 

Hilgardia.  Berkeley,  Calif. 

International  Review  of  Poultry  Science.  Rotterdam. 

Journal  of  Agricultural  Research.  Washington,  D.  C. 

Journal  of  Agricultural  Science.  London. 

Journal  of  the  American  Veterinary  Medical  Association.  Chicago. 

Journal  of  Bacteriology.  Baltimore. 

Journal  of  Biological  Chemistry.  Baltimore. 

Journal  of  Economic  Entomology .  Geneva,  N.  Y. 

Journal  of  Experimental  Biology.  London. 

Journal  of  Experimental  Zoology.  Philadelphia. 

Journal  of  General  Physiology.  Baltimore. 

Journal  of  Heredity.  Washington,  D.  C. 

Journal  of  Nutrition.  Philadelphia. 

Poultry  Science.  Ithaca,  N.  Y. 

Science.  New  York. 

Scientific  Agriculture.  Ottawa. 

U.  S.  Egg  and  Poultry  Magazine.  Chicago. 

Veterinary  Medicine.  Chicago. 


INDEX 


A 

Abnormal  eggs,  48 
Abnormal  embryos,  143 
Abscess  of  foot,  348 

Absorption,  of  nutrients,  from  intestine, 
252 

of  yolk,  135 

Accessory  sexual  organs,  43 
Acid  phosphate  on  droppings  boards,  230 
Acidity  of  contents  of  digestive  tract,  254 
Acids,  amino  ( see  Amino  acids) 

Addled  egg,  399 
Adrenals,  42 
Age  at  first  laying,  81 
Agglutination  test,  371 
Agricultural  colleges,  state,  514 
Air,  amount  breathed  by  fowls,  208 
change  of,  in  electric  brooders,  186 
circulation  of,  in  storage  rooms,  408 
oxygen  contents  of  normal,  162 
Air  cell,  47 

carbon  dioxide  in,  137 
and  egg  quality,  396 
in  fresh  egg,  395 
in  held  egg,  396 
position  of,  395 
size  of,  395,  396 
terms  descriptive  of,  417 
tremulous,  152,  396 
Air  drainage,  205 
Air  requirements  of  fowls,  209 
Air  sacs,  39 

and  voice  production,  39 
Air-sac  mites,  352 
Alarm  systems  for  incubators,  162 
Albino,  inheritance  of,  68 
Albumen,. acidity  of,  401 
alkalinity  of,  401 
index,  392 
secretion  of,  45 

(See  also  Egg  white) 

Alfalfa,  composition  of,  285 
mineral  content  of,  291 
vitamin  content  of,  294,  307 


Alimentary  tract,  40 

acidity  of  contents  of,  254 
digestive  processes  in,  250 
intestinal  parasites  in,  354 
passage  of  feed  through,  250 
pH  in  contents  of,  254 
structure  of,  40 
Alkali  grain  poisoning,  296 
Alkali  soils,  and  selenium,  296 
Alkalinity  of  albumen,  401 
Allantois,  133,  134 
All-mash  feeding,  316 
All-night  lights,  317 
Alternate  yards,  231 
American  breeds,  6 
characteristics  of,  6 
standard  weights  of,  32 
Amino  acids,  245 
absorption  of,  253 
essential,  245 
Amnion,  134 
Amylopsin,  251,  252 
Analyses,  limited  value  of  feed,  284 
Anatomy  of  the  fowl,  36 
Ancestry,  selection  on  basis  of,  113 
Ancona,  Mottled,  20 
characteristics  of,  20 
standard  weights  of,  32 
Andalusian,  Blue,  25 

inheritance  of  color  in,  68,  69 
Anemia,  361 

Animal  protein  supplements,  290 
Annual  egg  production,  importance  of, 
501 

Antibodies,  344 
Antihemorrhagic  vitamin,  248 
Antipellagric  vitamin,  247,  274,  293 
Antirachitic  vitamin  (D),  247 
Antiserum,  342 
Antitoxin,  342 
Anus  of  chicken,  41 
Appliances,  feeding,  234 
lighting,  212 
poultry  house,  234 
watering,  230,  231 
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Araucana,  27,  518 
Area  of  yards  for  layers,  233 
Area  opaca,  132 
Area  pellucida,  132 
Arginine,  288 
Argyrol,  383 
Arsenic  poisoning,  381 
Artificial  brooding,  in  confinement,  193 
on  range,  180 

Artificial  heat  in  laying  houses,  210 
Artificial  incubation,  154 
Artificial  insemination,  94 
Artificial  light,  for  brooding,  194 
for  laying  stock,  317 
Artificial  lights,  installing,  212 
using,  317 
Ash  ( see  Minerals) 

Asiatic  breeds,  13 

Aspergillosis,  or  brooder  pneumonia,  378 
Assimilation,  of  nutrients,  250 
of  yolk,  135 

Assortment,  independent,  of  genes,  65 
Auction  selling  of  eggs,  424 
Australorp,  19 

characteristics  of,  19 
standard  weights  of,  32 
Autocatalytic  growth  curve,  262,  263 
Autosomes,  52 

Avenalin,  protein  of  oats,  288 
Aves,  35 

Avian  tuberculosis,  367 
Axial  feather,  37 

B 

Baby  chicks,  167,  170 
brooding,  179,  180 
feeding,  320 
judging,  172 
sex  linkage  in,  58,  59 
sexing,  170 
shipping,  172 

Bacillary  white  diarrhea,  369 
Bacilli,  342 

Bacteria,  and  diseases,  342 
and  egg  decomposition,  402 
Bacterial  diseases,  366 
Bacterin,  342 
Balanced  diet,  296 
Balancing  the  diet,  296 
Banding  chicks,  165 
Bantams,  27 
Barbicels  of  feather,  38 


Barbs  of  feather,  38 
Barbules  of  feather,  38 
Barley,  composition  of,  285 
in  the  diet,  286 
scabbed,  286 
Barley  meal,  286 
Barracks  house,  216 
Barred  Plymouth  Rock,  7 
description  of,  7 
standard  weights  of,  32 
Barring  in  Plymouth  Rocks,  7,  68 
dominant  to  nonbarring,  54,  68 
inheritance  of,  54,  68 
sex  linked,  54,  68 

Basal  heat  production,  of  chicks,  260 
of  hens,  260 

Baskets  for  dressed  poultry,  465 
Batteries,  for  broilers,  197 
for  chicks,  194 
for  layers,  367 
Battery  brooders,  194 
avoid  overcrowding,  195 
cannibalism  in,  194 
capacity  of,  196 
humidity  in,  195 
management  of,  196 
temperature  in,  194 
Beak,  5 

necrosis  of,  313,  346 
pigmentation  of,  104 
Bedbugs,  354 

Bichloride  of  mercury,  as  a  disinfectant, 
381 

poisoning  from,  296 
Bile,  secretion  of,  252 
Bile  ducts,  252 
Biology  of  the  chicken,  35 
Black  flies,  354 
Black  locust,  296 
Black  plumage,  inheritance  of,  68 
Blackhead,  362 
Blastoderm,  47,  132 
Bleaching  of  beak  and  shanks,  104 
Bleeding  market  poultry,  444 
Blind  check,  398 
Blood,  composition  of,  285 
erythrocytes  in,  40,  50 
as  a  feed,  290 
of  the  fowl,  40 
glucose  in,  253,  255 
hemoglobin  in,  40,  50 
iron  in,  256 
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Blood,  leucocytes  in,  40 
Blood  cells,  sex  differences  in,  50 
Blood  clot  in  eggs,  397 
Blood  rings  in  eggs,  397 
Blood  spots  in  eggs,  397 
Bloody  eggs,  397 
Blowout,  or  prolapsus,  347 
Blue  Andalusian,  description  of,  25 
inheritance  of  blue  plumage,  68 
Body  changes  and  egg  production,  103 
Body  check,  398 
Body  size,  by  breeds,  32 
and  egg  production,  48 
and  egg  size,  48,  124 
inheritance  of,  78 
sex  differences  in,  50 
Body  temperature,  37 
Body  type,  and  egg  production,  103 
and  meat  production,  100,  101 
selection  on  basis  of,  99,  100 
Bone,  calcification  of,  268,  309 
formation,  sunlight  and,  309 
growth,  268 
Bone  meal,  292 
steamed,  292 
Bones  of  the  fowl,  39 
Boric  acid,  383 
Botulism,  366 
Boxes,  chick,  173 
for  dressed  poultry,  464,  465 
Brahma,  description  of,  13 
standard  weights  of,  32 
Braining  market  poultry,  445 
Bran,  digestibility  of,  287 
feeding  value  of,  287 
laxative  action  of,  287 
Breaking  pressure  of  eggs,  47 
Breeders,  age  of,  93 
feeding,  326 
Breeding,  62 

for  broiler  production,  199 
for  egg  production,  102 
for  high  hatchability,  94 
for  meat  production,  97 
pedigree,  165 
principles,  62 

progeny-tested  males,  115,  116 
for  viability,  97 

Breeding  flock,  improvement  of  hatchery, 
169 

Breeding  males,  premium  for  491 
Breeding  practice,  92 


Breeding  stock,  selection  of,  118 
Breeds,  American,  6 
Asiatic,  13 
Bantam,  27 

Continental  European,  25 
English,  15 
Game,  27 
Mediterranean,  20 
Modern,  4 

Brewers’  dried  grains,  289 
Broiler  production,  199 

distribution  of  expenses  in,  495 
of  investment  in,  494 
economics  of,  492 
factors  affecting  income  in,  496 
marketing  costs,  495 
seasons,  494 
Broilers,  chicks  for,  199 
crossbred,  199,  497 
edible  flesh  in  dressed,  453 
in  live,  453 
feeding,  322 
grades  of,  460 
marketing,  436 
rearing,  199 

Bronchitis,  infectious,  372 
Brooder,  selecting  a,  182 
starting  the,  182 
temperature,  183 
Brooder  houses,  188,  206 
cleaning,  191 

Brooder  pneumonia  ( see  Aspergillosis) 
Brooders,  battery,  194 
capacity  of,  180,  195 
cleaning,  189 
coal  burning,  181 
continuous  hot  water,  180,  194 
disinfecting,  189 
electric,  180 
homemade,  182 
lamp,  180 
oil  burning,  180 
stove,  181 
types  of,  180 

Broodiness,  importance  of,  121 
inheritance  of,  68 
non-,  breeding  for,  121 
prolactin  content  of  pituitary  and,  86 
sex-linked  gene  for,  68 
Brooding,  alarm  system  for,  184 
artificial,  180 
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Brooding,  batteries  for,  capacity  of,  196 
temperature  of,  194 
cannibalism  in  battery,  194 
confinement,  193 
costs  of,  492 
fresh  air  in,  186 
hopper  space  in,  198 
hover  and  floor  space,  187 
hover  ventilation  in,  186 
natural,  179 
practices  in,  176 
principles  of,  176 
providing  ventilation  in,  186 
roosting  arrangement  in,  188 
sanitation  in,  189,  192 
temperature  for,  183,  194 
wire-screen  floor  pens  and,  198 
Broody  coop,  227 
Broody  hens,  management  of,  227 
Buckeye,  12 

Buckwheat,  composition  of,  286 
in  the  fattening  diet,  286 
Buff  plumage,  inheritance  of,  68 
Bulkiness  of  diet,  313 
Bumblefoot,  348 
Bursa  of  Fabricii,  377 
Buttercup,  26 
Buttermilk,  condensed,  291 
dried,  288,  291 

By-products  of  the  poultry  industry,  472 

C 

Cabbage,  295 
Caeca,  41 

and  digestion  of  fiber,  252 
Caecal  worms,  355 
and  blackhead,  363 
Cafeteria  feeding,  314 
Cages  ( see  Laying  cages) 

Calcium,  assimilation,  140,  252 
and  bone  formation,  268 
carbonate  for  laying  hens,  277 
in  the  diet,  277 
effect  of  deficiency  of,  277 
efficient  utilization  of,  268 
in  eggshell,  245 
and  eggshell  formation,  276 
and  embryo  development,  140 
feeds  rich  in,  292 
metabolism,  14Q 


Calcium,  required  for  growth,  269,  283 
for  hatching-egg  production,  280, 
283 

for  market-egg  production,  276,  283 
sources  of,  292,  293 
uses  of,  245 
and  vitamin  D,  268 

Calcium-phosphorus  ratio,  269,  277,  280 
and  vitamin  D,  269 
Campine,  26 
Candling  eggs,  394 
Candling  equipment,  394 
Canned  poultry,  454 
Cannibalism,  346 

in  battery  brooders,  194 
Capillaria  worms,  355 
Capon,  49 
feathering,  50 
molting  of  the,  87 
rate  of  growth  of,  50 
Caponizing,  201 
age  for,  201 
breeds  for,  201 
time  for,  200 
Capons,  440,  455 

grades  of  dressed,  461 
live,  market-weight  classes  of,  440 
Car,  eggs  in,  424 
live  poultry  in,  442 
Carbohydrate  metabolism,  255 
in  the  embryo,  139 
Carbohydrates,  absorption  of,  252 
in  feeds,  286 
metabolism  of,  139,  155 
as  nutrients,  243 
sources  of,  286 
Carbolic  acid,  or  phenol,  381 
Carbon  dioxide,  and  egg  storage,  409 
elimination  by  embryos,  137 
in  incubation,  149 
loss  of,  from  eggs,  401 
Carbon  tetrachloride,  384 
Carcinomas,  380 
Carotene,  in  egg  yolks,  332,  333 
in  feeds,  307 
and  vitamin  A,  307 
Carrier,  egg,  227 
feed,  225 
litter,  227 
Carrots,  307 
Cars,  live  poultry,  442 
refrigerator,  466 
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Cartons  for  eggs,  420 
Case,  standard  egg,  421 
Castration  and  heat  production,  260 
Catabolism,  260 

endogenous  protein,  260 
Catarrh,  379 
Catching  hook,  228 
Catching  net,  228 
Cereal  grains,  285,  286 
relative  value  of,  297 
Cerebral  hernia,  inheritance  of,  68 
Ceylon  Jungle  fowl,  1 
Chalaza,  formation  of,  46 
Chantecler,  13 

Characters,  dominant,  67,  68 
inheritance  of,  52 

physical,  in  relation  to  egg  production, 
103 

physiological,  in  relation  to  egg  pro¬ 
duction,  103 
recessive,  67,  68 
Charcoal,  295 
Chart,  glossary,  5 
Cheese  weed  and  pink  whites,  332 
Chenopodium,  355 
Chick,  critical  temperature  of,  260 
development  of  the,  132 
position  at  hatching  time,  142 
Chick  boxes,  173 
Chicken,  anatomy  of,  36 
biology  of,  35 
classification  of,  35 
distribution  of,  2 
origin  of,  1 
relative  value  of,  4 
structure  of,  36 
temperature  of,  37,  259 
Chicken  mites,  352 
Chicken  pox,  375 
Chicken  soup,  454 
Chickens,  breeds  of,  6-27 

cash  income  from,  by  states,  480 
classification  of  market,  440,  455 
costs  in  marketing,  510,  511 
defects  (standard)  in,  30 
disqualifications  (standard)  in,  30 
dressed  grades  of,  464 
per  farm,  483 

farm  value  of,  by  states,  480 
grading  live,  438 
judging  dressed,  459 


Chickens,  marketing,  dressed,  450 
live,  440 

U.  S.  classes  of  dressed,  455 
U.  S.  classes  of  live,  440 
U.  S.  grades  of  dressed,  464 
U.  S.  grades  of  live,  438,  439 
weights  of  market,  440 
Chicks,  avoid  overcrowding,  187 
banding,  165 
battery  brooding  of,  193 
brooding,  with  hens,  179 
business  of  hatching,  167 
confinement  brooding  of,  193 
day-old,  buying,  176 
dubbing,  346 
marketing,  172 
sexing,  170 

effects  of  chilling  on,  184 
feed  consumed  by,  327 
floor  space  required  by,  187 
grow  healthy,  191 
growth  of,  177 
judging,  171 
mortality  in,  193 
roosting,  early,  187 
temperature  in  brooding,  183 
when  to  hatch,  170 
Chiggers,  354 

Chili  pepper  and  yolk  color,  332 
Chinese  incubators,  156 
Chlorinated  lime,  382 
Chlorine,  245 
Cholera,  fowl,  366 
Cholesterol,  244 
Chondrosdyst.rophy,  305 
Chorion,  134 
Chromatophores,  38 
Chromosomes,  52 
made  up  of  genes,  53 
number  of,  53 
pairing  of,  53 
sex,  52 

splitting  of,  53 
Circulatory  system,  39 
Clam  shells,  292 
Classes,  of  dressed  poultry,  455 
of  live  poultry,  440 
Classification,  of  brooders,  180 
of  dressed  poultry,  455 
of  feeds,  286-295 
of  incubators,  157 
of  laying  houses,  214 
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Classification,  of  live  poultry,  440 
of  market  eggs,  415 
Cloaca,  40,  41 
Cloacitis,  379 

Close  feathering,  inheritance  of,  68 
Clutch,  85 

and  rate  of  laying,  85 
size  of,  inheritance  of,  85 
size  of  eggs  in,  125 
Cocci,  342 

Coccidia,  species  of,  363 

Coccidiosis,  363 

Cochin,  14 

Cock  feathering,  50 

Cock-fighting,  early  influence  of,  2 

Cocks,  440,  455 

grades  of,  dressed,  461 
live,  440 

Cockscomb,  pickled,  455 
Coconut  meal,  289 
Cod-liver  meal,  290 
Cod-liver  oil,  294,  308 
in  the  diet,  310 
as  source  of  vitamin  D,  308 
Coefficients  of  digestion,  257 
Cold  storage,  407 

air  circulation  in,  408 
holding  eggs  in,  407 
holding  poultry  in,  451 
ozone,  use  of,  in,  409 
use  of  carbon  dioxide  in,  409 
Cold-storage  eggs,  420 
Cold-storage  room,  408,  451 
humidity  of,  for  eggs,  408 
for  poultry,  451 
temperature  of,  for  eggs,  408 
for  poultry,  451 
ventilation  of,  for  eggs,  408 
Colds,  379 

Colleges  of  agriculture,  state,  514 
Colloidal  sulfur  and  coccidiosis,  365 
Color,  down,  in  baby  chicks,  58 
inheritance  of,  59 
earlobe,  in  breeds,  6-27 

in  relation  to  production,  105 
egg  shell,  48 
by  breeds,  6-27 
determined  in  uterus,  48 
inheritance  of,  126 
due  to  pigments,  48 
in  relation  to  production,  4S 


Color,  plumage,  6-27 
inheritance  of,  68 
shank,  in  breeds,  6-27,  38 
inheritance  of,  68 
in  relation  to  production,  104 
skin,  in  breeds,  6-27,  38 
influenced  by  diet,  330 
inheritance  of,  68 
yolk,  influenced  by  diet,  332 
Color  markings,  6-27 
Columbian  plumage,  9,  13 
Comb,  defects  in,  31 

development  of,  in  relation  to  laying, 
103 

different  types  illustrated,  28,  30 
dubbing,  92,  345 
frozen,  345 
and  gonads,  49 
pea,  inheritance  of,  68 
proper  shape  of,  28 
rose,  inheritance  of,  68 
sex  differences  in,  49 
single,  inheritance  of,  68 
transplantation  of,  49 
types  of,  28,  30 
Complementary  genes,  66 
Composition,  of  egg  and  fowl,  243 
of  feeds,  285 

Condensed  buttermilk,  291 
Confinement,  keeping  layers  in,  237 
rearing  chicks  in,  193 
Congenital  blindness,  inheritance  of,  68 
Congenital  loco,  inheritance  of,  68 
Congenital  palsy,  inheritance  of,  68 
Consumer  preferences  for  eggs,  430 
Consumption  problems,  egg,  430 
poultry,  468 

Containers,  egg  shipping,  420 
parcel  post,  420 
Cooling  dressed  poultry,  450 
Cooling  eggs  during  incubation,  149 
Cooling  market  eggs,  403 
on  farm,  403 
importance  of,  399 
Coop,  broody,  227 
Cooperative  marketing  of  eggs,  424 
Copper,  in  egg  influenced  by  diet,  333 
in  nutrition,  245,  361 
Copper  sulfate  poisoning,  296 
Copulatory  organ,  170 
Corn,  286 

composition  of,  285 
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Corn,  cracked,  320,  321 
digestibility  of,  286 
energy  value  of,  265 
gluten  feed,  289 
gluten  meal,  289 
hominy,  286 
meal,  286 

vitamin  A  in  yellow,  240 
yellow  vs.  white,  286 
xanthyophyll  in  yellow,  286 
Corn-cockle  seed  poisoning,  296 
Cornish,  16 
Coryza,  379 

Costs,  broiler  production,  495 
brooding,  492 
feed,  per  dozen  eggs,  506 
incubation,  487 

labor,  in  broiler  production,  495 
in  egg  production,  500 
in  marketing  dressed  poultry,  510,  511 
in  marketing  eggs,  509 
in  marketing  live  poultry,  510,  511 
rearing,  493 
Cottonseed  meal,  289 
composition  of,  285 
in  the  diet,  332 
gossypol  in,  289,  332 
and  yolk  color,  289,  332 
Cowpeas,  285,  289 
Coyetillo  plant  poisoning,  296 
Crab-scrap,  290 
Cracklings,  290 
Crates,  poultry  shipping,  440 
selecting,  228 
Creeper,  27,  39,  68 
Creolin,  382 
Cresol,  383 

Crest,  inheritance  of,  68 
Crevecoeur,  26 

Critical  periods  in  embryo  development, 
141 

Critical  temperature,  of  chick,  260 
of  fowl,  210,  260 
and  heat  production,  260 
Crooked  keel,  inherited,  102 
Crooked  neck,  inheritance  of,  68 
Crop,  41 

impacted,  relieving,  347 
storage  of  feed  in,  41 
Crossbreeding,  and  broiler  production, 
199 


Crossbreeding,  effects  of,  on  body  size, 
79 

on  broodiness,  86 
on  hatchability,  74 
on  rate  of  growth,  78,  79 
on  viability  of  chicks,  77 
inheritance  of  down  color  in,  59 
Crossing  over  of  genes,  66 
Crosses,  sex  linked,  59 
Crotalaria  seed  poisoning,  296 
Crowding,  ill  effects  of,  187 
Crude  fiber,  252 
digestibility  of,  314 
in  feeds,  285 
Cryptoxanthin,  332 

Current,  interruption  of,  during  incu¬ 
bation,  161 
Current  receipts,  420 
Cystic  flukes,  354 
Cystine,  245,  288 
and  feather  growth,  278 

D 

Date  of  hatching,  170 
Daubentonia  seed  poisoning,  296 
Defects,  standard  breed,  30 
Deficiency  diseases,  247 
Deformed  upper  mandible,  inheritance 
of,  68,  76 

Depluming  mites,  352 
Dermatitis,  vesicular,  380 
Dermis,  pigment  in,  38 
Derris  root,  384 
Diet,  balancing  the,  296 

with  mineral  supplements,  305 
with  protein  supplements,  300-305 
with  vitamin  supplements,  307 
bulkiness  of,  314 
and  color  of  yolk,  331 
and  composition  of  egg,  331 
and  flavor  of  eggs,  331 
influence  of,  on  color  of  skin,  330 
on  flavor  of  flesh,  330 
on  vitamin  content  of  flesh,  330 
net  energy  value  of  the,  257 
physiological  effect  of  the,  314 
and  quality  of  eggs,  331 
well  balanced,  essentials  of,  312 
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Diets,  319 
for  breeders,  326 
.  for  broilers,  322 
for  developing  pullets,  324 
for  fattening  stock,  322 
for  growing  chickens,  320 
for  layers,  324 
for  molting  hens,  325 
practical,  formulas  for,  319 
Digestibility,  coefficients  of,  257 
of  crude  fiber,  252 
determinations  of,  257 
factors  affecting,  258 
of  feeds,  314 
Digestion,  249 

of  carbohydrates,  251 
coefficients  of,  257 
enzymes  and,  250 
of  fats,  251 
of  fiber,  252,  314 
minerals  in,  252  • 
of  nutrients,  249 
process  of,  250 
of  proteins,  251 
rate  of,  250 
of  starch,  251 
time  required  for,  250 
vitamins  in,  252 
wastage  of  nutrients  in,  252 
Digestive  system  or  tract,  40 
illustrated,  40,  251 
passage  of  feed  through,  250 
Diminishing  increment,  law  of,  263 
Dipping  birds  for  lice,  350 
Dirty  eggs,  washing,  406 
Disease,  340 

breeding  for  resistance  to,  77,  386 
defensive  mechanism  and,  343 
deficiency  diets  and,  247 
dissemination  of,  341,  385 
prevention,  340,  384 
sanitation  in  controlling,  384 
soil  contamination  and,  344 
water  contamination  and,  344 
Diseases,  bacterial,  366 
contagious,  342 
deficiency,  247 
fungus,  378 
infectious,  342 
miscellaneous,  378 
mortality  due  to,  341 
noncontagious,  342 


Diseases,  noninfectious,  342 
nutritional,  361 
parasitic,  348,  354 
protozoan,  362 
of  unknown  origin,  378 
virus,  372 
Disinfectants,  381 
kinds  of,  382,  383 
Disinfection,  preparing  for,  381 
Disqualifications,  in  chicks,  171 
in  standard  breeds,  30 
Dissemination  of  disease,  341 
Distillers’  corn-dried  grains,  289 
Dogfish-liver  oil,  308 
Dolomite,  292 

Domestic  fowl,  progenitor  of,  1 
Domestication  of  chicken,  2 
Dominance,  the  principle  of,  63 
Dominant  characters,  67 
Dominant  genes,  63 
Dominique,  6 
Dorking,  17 

Down  color,  sex  linked,  59 
Drawing  chickens,  losses  in,  453 
Drawn  poultry,  451 
cold  storage  of,  451 
consumer  preference  for,  454 
edible  proportion  of,  453 
preserving  quality  in,  451 
quick  freezing,  451,  454 
Dressed  poultry,  450 
barrels  for,  465 
baskets  for,  465 
boxes  for,  464,  465 
classes  of,  455 
cold  storage  of,  451 
cooling,  450 
costs  of  marketing,  510 
deterioration  of  quality  in,  451 
edible  proportion  of,  453 
freezing,  451 
grades  of,  460-463 
judging,  459 
marketing,  466 
packing,  464 

preserving  quality  in,  450 
prices  of,  467 
quality  factors  in,  455 
quick-freezing,  451 
refrigerator  cars  for,  466 
refrigerator  trucks  for,  466 
shipping,  466 
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Dressing  details,  450 
Dried  buttermilk,  288 
Dried  eggs,  412 
uses  of,  390 

Dried  skim  milk,  288,  291 
Dried  whey,  291 

Droppings,  acid  phosphate  and,  230 
amount  excreted,  473 
boards  for,  223 
fertilizer  value  of,  234,  473 
pit,  223 

Droppings-board  scraper,  227,  232 
Drugs,  383 
poisonous,  296 
and  their  uses,  383 
Dry  plucking,  446 
Drying  eggs,  412 
Dry-mash  feeding,  316 
Dubbing  of  combs,  92,  345 
in  chicks,  346 
in  grown  stock,  92,  345 
to  prevent  freezing,  92,  345 
Ductless  glands,  42,  253 
Duodenum,  41 
Dusting  birds  for  lice,  350 
Dwarf  eggs,  48 
Dwarfism,  inheritance  of,  68 

E 

Earlobe  color,  by  breeds,  6-27 
depigmentation  of,  105 
Early  sexual  maturity,  81 
importance  of,  120 

Economics,  of  broiler  production,  492 
of  brooding,  492 
of  egg  production,  497 
of  incubation,  488 
of  marketing  eggs,  509 
of  marketing  poultry,  510 
of  poultry  production,  475 
of  reproduction,  487 
Ectoderm,  132 
Edema  of  the  wattles,  346 
Edible  flesh  in  broilers  and  roasters,  453 
Egg,  composition  of,  243 
consumption,  430 
fertilization  of,  52 
formation  of,  44 
fresh,  air  cell  in,  395 

broken-out  appearance  of,  391 
candled  appearance  of,  395 


Egg,  orientation  of,  at  laying,  46 
parts  of,  47 

physiological  zero  of,  399 
position  of,  in  uterus,  46 
structure,  illustrated,  46 
Egg  bound,  347 
Egg  carrier,  227 
Egg  cartons,  420 
Egg  marketing  methods,  422 
Egg  prices,  factors  affecting,  426 
Egg  production,  annual,  decline  in,  122 
per  bird,  importance  of,  501 
bleaching  of  beak  and  shanks  in  rela¬ 
tion  to,  104 

body  changes  with,  103 
body  weight  and,  125 
breeding  for  good,  102 
calcium  requirements  for,  276,  280,  283 
per  capita,  432 
capital  investment  in,  499 
clutch  in,  85 
cost  of,  499 
economics  of,  497 
effect  of  broodiness  on,  121 
effects  of  shifting  daylight  on,  85 
efficient  utilization  of  investment  in, 
503 

egg  weight  of  first  year,  123,  125 
energy  requirements  for,  275 
expense  and  income  factors  in,  499 
external  factors  affecting,  113 
factors  determining  labor  income  in, 
500 

and  feed  consumption,  328 
feed  cost  of,  500 
first  year,  81 

geographical  distribution  of,  479 
and  hatchability,  95 
head  type  and,  103 
income  factors  in,  499,  502 
influence  of  light  intensity  on,  83 
inheritance  of,  80 
and  labor  income,  500 
leading  states  in,  483 
light  effects  on  time  of  laying,  85 
major  factors  determining,  81 
mineral  requirements  for,  276,  283 
molt  in  relation  to,  86,  105 
nutritive  requirements  for,  275 
persistence  of,  86,  501 
pigmentation  in  relation  to,  104 
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Egg  production,  progeny  testing  for,  114 
protein  requirements  for,  276,  283 
protein  supplements  for,  302 
pubic  bones  and,  103 
relative  importance  of,  102 
seasonal  distribution  of,  84 
selecting  on  basis  of,  109 
sexual  maturity  and,  81 
size  of  business  in,  503 
time  of  hatching  influences,  107 
vitamin  requirements  for,  277,  283 
Egg  quality,  331,  389 
chemical  evidence  of,  401 
copper  in  egg  influenced  by  diet,  333 
cottonseed  meal  and  yolk  color,  289, 

332 

deterioration  of,  399 
flavor  of  eggs,  333 

greenish-yellow  whites  and  vitamin  G, 

333 

and  hatchability,  278 

hydrogen-ion  concentration  and,  401 

inheritance  of  interior,  88 

iron  in  egg  influenced  by  diet,  333 

linseed  meal  and  yolk  color,  332 

liquefaction  and,  400 

maintenance  of,  402,  403 

measures  of,  391,  395 

and  methods  of  marketing,  422 

producer  control  of,  403 

rapid  cooling  and,  404 

selecting  on  basis  of  interior,  126 

shrinkage  and,  400 

soybean  meal  and  yolk  color,  332 

thick  white  and,  401 

vitamin  A  and  yolk  color,  332 

vitamin  D  in  egg  influenced  by  diet, 

333 

watery  whites  and,  399 
Egg  shape,  47,  392 

affected,  by  the  isthmus,  47 
by  the  magnum,  47 
uniformity  of,  desirable,  393 
Egg  size,  48 

affected  by  size  of  oviduct,  48 
affected  by  size  of  yolk,  48 
annual  mean,  124 
factors  determining,  48,  124 
and  hatchability,  95 
high  temperatures  affect,  48 
inheritance  of,  87 
position  in  clutch  and,  125 


Egg  size,  in  relation  to  body  size,  48,  87, 
124,  125 

in  relation  to  parts,  48 
in  relation  to  production,  48 
in  relation  to  sexual  maturity,  124 
selecting  on  basis  of,  124 
standard  market,  392 
Egg  white,  47 
bacterial  infection  of,  402 
beating  properties  of,  430 
composition  of,  243 
dried,  412 
formation  of,  44 
frozen,  410 

hydrogen-ion  concentration  of,  401 
mucin  in,  46,  395 
parts  of,  47 
pH  of,  401 

physical  aspects  of,  47 
pink,  and  cheese  weed  in  diet,  332,  398 
terms  descriptive  of,  419 
thick,  46,  395 
thin,  46,  395 
structure  of,  46 
Egg  yolk,  dried,  412 
fats  in,  331 

feed  affects  color  of,  332 
frozen,  410 

hydrogen-ion  concentration  of,  401 
mineral  content  of,  243 
mottled,  398 

normal,  under  candle,  396 
parts  of,  47 
and  pigments,  332 
secretion  of,  44 
shadow  changes,  397 
structure  of,  46,  47 
terms  descriptive  of,  416 
vitamins  in,  333 
Egg-breaking  industry,  410,  412 
Egg-eating  habit,  347 
Egg-feed-price  ratio,  507 
Eggs,  abnormal,  48 
addled,  399 
auction  selling  of,  424 
bacterial  decomposition  of,  399,  402 
bad,  397,  398 
blind  check  in,  398 
blood  in,  48,  397 
blood  clots  in,  397 
blood  rings  in,  397 
blood  spots  in,  48,  397 
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Eggs,  body  check  in,  398 
breaking  pressure  in,  47 
candling,  394 
car  for  shipping,  424 
care  of,  on  the  farm,  403 
cash  income  from,  by  states,  481 
cold  storage  of,  408,  420 
consumer  preferences  for,  430 
containers  for  marketing,  420 
cooling,  during  incubation,  149 
cooling  market,  403 
cooperative  marketing  of,  424 
current  receipts,  420 
desirable  size  of,  392 
deterioration  of  quality  in,  399 
in  the  diet,  430 
dietetic  value  of,  432 
dirty,  402,  403 
double-yolked,  48 
dried,  412 
dwarf,  48 

effect  of  feeds  on,  331 
effects  of  high  temperature  on,  399 
external  appearance  of,  395,  400,  416 
factors  affecting  price  of,  426 
factors  affecting  quality  in,  399 
farm  value  of,  by  states,  481 
feed-purchasing  power  of,  507 
flavor  of,  333,  431 

affected  by  containers,  402 
affected  by  feeds,  333 
affected  by  storage,  431 
freak,  48 
fresh,  420 
freezing,  410 
grades  of,  414 
grading,  414 
“ grass,”  398 
hatching,  151 
avoid  dirty,  152 
chilling,  152 
cooling,  149 

frequency  of  turning,  152 
holding,  length  of  time  for,  152 
holding  temperature,  152 
incubation  of,  151 

carbon  dioxide  and,  149 
humidity  and,  150 
oxygen  and,  149 
temperature  and,  145 
position  of,  152 
premium  for,  169 


Eggs,  hatching,  selection  of,  151 
shell  color  of,  152 
size,  important,  151 
tremulous  air  cells  in,  396 
turning,  145 
use  fresh,  only,  152 
heat  spots,  397 
heavy  floats,  398 
held,  420 
hennery,  420 

high  temperature  ages,  399 
holding  temperature  for,  399 
home  preservation  of,  409 
hydrogen-ion  concentration  in,  401 
in  the  industries,  390 
inedible,  419 
leakers,  398 
light  floats,  398 
loose  shell  membranes  in,  398 
marketing,  389 
economics  of,  509 
methods  of,  422 
meat  spots  in,  48,  397 
moldy,  398,  402 
mottled  yolks  in,  398 
musty,  398 
nutrients  in,  432 
odors  in,  402,  431 
oil-treated,  409 
a  perishable  product,  389 
pinkish  whites  in,  398 
preservation  of,  407,  409 
preserving  quality  in,  402 
prices  of,  factors  affecting,  426 
processed,  409 

production  of,  per  capita,  432 
purchasing  power  of,  507 
quality  of  broken-out,  391 
quantity  in  a  car,  424 
rapid  cooling  of,  403 
receipts  at  four  markets,  510 
refrigerator,  420 
rehandled  receipts,  420 
rots,  398 
shrinkage  in,  400 
soft  shelled,  48 
sour,  399 

specifications  for,  U.  S.  extra,  and 
extra  dirty,  415 
U.  S.  special,  415 

U.  S.  standard,  and  standard  dirty, 
415 
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Eggs,  specifications  for,  U.  S.  trade,  and 
trade  dirty,  415 
standards  of,  414 
storage  packed,  408 
terms  descriptive  of,  air  cell,  417 
shell,  416 
white,  419 
yolk,  416 

tremulous  air  cells  in,  396 
triple-yolked,  48 
U.  S.  grades  of,  415 
uses  of,  390 
vitamins  in,  333 
white  rot,  399 

Eggshell,  blind  check  in,  398 
body  check  in,  398 
breaking  pressure  of,  47 
formation  of,  45 
porosity  of,  47 
structure  of,  47 
terms  descriptive  of,  416 
thin,  126 
Eggshell  color,  48 
by  breeds,  6-27 
consumer  preference  for,  393 
determined  in  isthmus  and  uterus,  48 
due  to  pigments,  48 
inheritance  of,  126 
in  relation  to  production,  48 
Egyptian  incubators,  154 
Embryo,  132-144 
axis  of,  132 

calcium  metabolism  of,  140 
carbohydrate  metabolism  of,  139 
carbon  dioxide  elaboration  of,  137 
carbon  dioxide  toleration  of,  149 
chondrodystrophy  in,  305 
critical  periods  in,  141 
cycles  of  growth  during,  142 
development,  132,  136 
fat  metabolism  of,  140 
lactic  acid  production  in,  142 
lethal,  inheritance  of,  68,  76 
malformations  in,  143 
malpositions  of,  143 
metabolism  of,  138,  139 
efficiency  of,  140 
mineral  metabolism  of,  140 
mortality,  and  its  causes,  141,  148,  305, 
310 

normal  position  of,  142,  143 
oxygen  requirements  of,  137,  149 


Embryo,  physiological  changes  in, 
position,  abnormal,  142 
protein  metabolism  of,  140 
respiration  of  developing,  137 
“sticky,”  inheritance  of,  68 
structural  development  of,  139 
Emmer,  286 
Encephalomalacia,  362 
Endocrine  glands,  42,  253 
function  of,  254 
hormones  secreted  by,  43 
marketing,  472 
Endogenous  metabolism,  260 
Energy,  for  muscular  work,  259 
requirements,  for  activity,  265 
for  egg  production,  275 
for  growth,  265 
for  maintenance,  260 
English  breeds,  15 
Entero-hepatitis,  362 
Entoderm,  132 
Enzymes,  action  of,  250 
digestive,  251 
protein-splitting,  251 
starch-splitting,  251 
sugar-splitting,  251 
Epidemic  tremor  of  chicks,  372 
Epidermis  of  shank,  38 
Epithelium,  38 
Epsom  salts,  384 
Erepsin,  251,  252 
Ergosterol,  244 
irradiated,  308 
Erythrocytes,  40,  50,  253 
Esophagus,  or  gullet,  40,  41 
European  fowl  pest,  374 
Eversion  of  the  oviduct,  347 
Evisceration  of  chickens,  452 
Expiration,  in  breathing,  39 
Express,  dressed  poultry  by,  466 
live  chickens  by,  441 
External  parasites,  348 
Eyeworms,  355 

F 

Fi,  63 
F2,  63 

Farm  flocks,  482 
Farms,  chickens  raised  on,  480 
eggs  produced  on,  481 
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Fat,  absorption  of,  252 
in  the  body,  243 
in  the  egg,  243 
egg,  331 

formation  of,  in  body,  274 
from  carbohydrates,  274 
metabolism,  140,  255,  276 
oxidation  of,  255 
sources  of,  274 
storage  of,  255 
Fats,  digestion  of,  252 

and  lymphatic  system,  255 
nature  and  uses  of,  244 
phosphorized,  255 
sources  of  energy,  244 
synthesis  of,  274 
use  of,  in  body,  244 
Fattening,  274 

amount  feed  consumed  during,  328 
changes  resulting  from,  274 
energy  requirements  for,  275 
gains  made  during,  328 
grains  used  in,  322 
nutritive  requirements  for,  274 
protein  requirements  for,  275 
purpose  of,  274 
Fatty  acids,  308 
effect  of,  308 
Fatty  liver,  361 
Faverolles,  25 
Favus,  378 
Feather,  axial,  37 
illustrated,  38 
parts  of,  38 
quill  of,  38 
structure,  38 

effect  of  hormones  on,  50 
sex  differences  in,  50 
tracts,  37 

Feathered  shanks,  inheritance  of,  68 
Feathering,  capon,  50 
cock,  50 
cockerel,  38 

effect  of  hormones  on,  50 
hen,  50,  51 
henny, 50 

inheritance  of  rate  of,  60 
rapid,  60 

and  rate  of  growth,  98,  99 
slow,  60 
Feathers,  37 

cystine  and  growth  of,  278 


Feathers,  in  commerce,  472 
marketing,  472 
purpose  of,  37 
secondary  sexual,  38 
structure  of,  38 
wing,  37 
Feces,  230 

Feed,  amount  consumed  by  chicks,  327 
in  fattening,  328 
by  layers,  328 
analyses,  value  of,  284 
bulkiness  in,  314 
carrier,  225 

consumption  and  egg  production,  327 
consumption  and  heat  production,  257 
consumption  and  rate  of  growth,  263 
consumption  in  relation  to  growth,  327 
cost  in  broiler  production,  495 
cost  in  egg  production,  505 
cost  of  a  dozen  eggs,  506 
cost  in  relation  to  other  costs,  505 
effect  of,  on  eggs,  331 
effect  of,  on  poultry,  330 
fiber  content  of,  314 
fresh,  best,  314 
grinding,  313 
palatability  of,  313 
passage  through  digestive  tract,  250 
Feeding,  314 

adding  fish-liver  oils,  310,  317 

with  aid  of  lights,  317 

all  mash,  316 

all  scratch,  315 

baby  chicks,  320 

breeding  stock,  326 

broilers,  322 

cafeteria,  314 

dry  mash,  316 

fattening  stock,  322 

free  choice,  314 

grain  and  mash,  315 

home  mixture  plus  concentrate,  316 

laying  stock,  324 

oyster  shells  and  grit,  316 

pellets,  316 

practice,  284 

principles,  241 

scratch  and  mash,  315 

wet  vs.  dry,  316 

Feed-purchasing  power  of  eggs,  507 
Feeds,  285,  294 

attractiveness  of,  313 
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Feeds,  coefficients  of  digestibility  of,  257 
classification  of,  284-296 
composition  of,  286 

affected  by  soil,  etc.,  248 
digestibility  of,  257 
effect  of,  on  eggs,  331 
on  poultry,  330 
net  nutritive  value  of,  257 
palatability  of,  313 
physiological  effects  of,  314 
poisons  in,  295 
vitamins  in,  294 
xanthophyll  in,  332 
Ferric  chloride,  384 
Fertility,  and  age  of  breeders,  93 
artificial  insemination  and,  94 
causes  of  low,  92 
cessation  of,  93 
factors  affecting,  92 
following  mating,  92 
proportion  of  sexes,  93 
securing  good,  92 
size  of  matings  for  good,  93 
testing  for,  132 
the  problem  of,  70 
Fertilization,  52 
Feterita,  286 

Fiber,  amount  of,  in  diet,  314 
digestion  of,  252,  314 
Fibula,  39 

Filtrate  factor,  267,  274,  293,  312 
Fire  insurance  in  using  incubators,  167 
First-year  egg  production,  81 

in  relation  to  later  production,  122 
Fish,  liver  oils,  293 
meal,  290 
scraps,  290 
Flavor,  of  eggs,  333 
of  poultry  meat,  330 
Flesh,  poultry,  330 
changes  in,  due  to  fattening,  330 
composition  of,  243 
edible,  in  live  and  dressed  poultry,  453 
flavor  of,  330 

influenced  by  feeding,  330 
vitamin  content  of,  330 
Flightlessness,  inheritance  of,  68 
Floor  space  for  chicks,  187 
for  layers,  213 

Floors,  air  temperature  at,  221 
cleaning  and  disinfecting,  382 
constructing,  220 


Flour,  “red  dog,”  285 

Flowers  of  sulfur  and  coccidiosis,  365 

Flukes,  359 

Fluorine,  271 

Follicle,  ovarian,  44 

Forcing  the  molt,  325 

Formaldehyde,  383 

Formalin,  383 

fumigating  incubators  with,  371 
Formation  of  the  egg,  44 
Formulas  for  practical  diets,  319 
Foundations,  220 
Fowl,  440,  455 

composition  of,  243 
grades  of  dressed,  462 
grades  of  live,  438,  439 
market,  440 
skeleton  of,  39 
Fowl  cholera,  366 
Fowl  paralysis,  373 
Fowl  plague,  374 
Fowl  pox,  375 

vaccinating  for,  375 
Fowl  tick,  354 
Fowl  tuberculosis,  367 
Fowl  typhoid,  368 

inheritance  of  resistance  to,  77 
Frayed  feathers,  inheritance  of,  68 
Fresh-egg  laws,  430 
Fresh  eggs,  420 

appearance  of,  broken  out,  391 
candled,  394 
demand  for,  430 
Free-choice  feeding,  314 
Freezing  of  combs  and  wattles,  345 
dubbing  to  avoid,  345 
Freezing  drawn  poultry,  457 
Freezing  dressed  poultry,  451 
Freezing  eggs,  410 

Freight,  shipping  live  chickens  by,  442 
Frizzle,  27 

Frizzling,  inheritance  of,  68 
Frozen  dressed  and  drawn  poultry,  451 
Frozen  eggs,  410 
Frozen-egg  industry,  410 
Frozen-egg  products,  410 
uses  of,  390 
Fructose,  252 
Fryers,  440,  455 
grades  of  dressed,  460 
grades  of  live,  440 
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Full-drawn  poultry,  451 

Fumigation  of  incubators,  371 

Fungi,  342 

Fungus  diseases,  378 

Funnel,  or  infundibulum  of  oviduct,  44 

G 

Gallinae,  36 
Gallus,  36 

different  species  of,  1 
Game  breed,  27 
Gametes,  52 
female,  52,  54,  55 
male,  52,  54,  55 
Gapeworms,  356 
Gastralution,  132 
Gastric  juice,  251 
Generation,  first-filial,  F i,  63 
parental,  Pi,  63 
second-filial,  F 2,  63 
Genes,  53 

complementary,  66 

dominant,  63 

give  rise  to  characters,  53 

independent  assortment  of,  65 

inhibiting,  127 

lethal,  66 

linkage  between  autosomal,  66 
modifying,  66 
recessive,  63 
sex  linked,  53 

as  units  of  transmission,  53 
Genotype,  67 
Germinal  disk,  44,  47 
Gizzard,  41 

crushing  capacity,  250 
as  a  filter,  252 
function  of,  41 
Gizzard  worms,  356 
Glands,  ductless,  42 

endocrine,  function  of,  254 

lymph,  252,  255 

ovary,  42 

pancreas,  41 

parathyroid,  42 

pineal,  42 

pituitary,  42 

preen,  38 

secretions  of,  43 

testes,  42 

thymus,  42 


Glands,  thyroid,  42 
Glandular  stomach,  40 
Glass,  substitutes,  221 
and  ultraviolet  light,  221 
Gliadin,  protein  of  wheat,  288 
Glossary  chart,  5 
Glucose,  139 
as  a  source  of  fuel,  255 
Gluten  feed,  289 
Gluten  meal,  289 
Glycogen,  139,  255 
Goiter,  362 

Gold  down,  inheritance  of,  68 
Gonad  grafts,  49 
Gonads,  49 
female,  49 

effect  of  removing,  49 
male,  49 

effect  of  removing,  49 
Gossypol  and  egg  quality,  289 
Gout,  362 

Grades,  dressed  poultry,  460-464 
egg,  415 

live  poultry,  438-440 
Grading,  dressed  poultry,  455 
eggs,  414 
live  poultry,  438 
Grain  bins,  224 

Grains,  and  by-products,  285-287 
cereal,  285-287,  297 
mineral  deficiencies  in,  291 
protein  deficiencies  in,  288 
relative  value  of,  298 
as  a  source  of  carbohydrates,  286 
Granules,  yolk,  44 
Grass,  292 
“Grass”  eggs,  398 
Gray  Junglefowl,  1 
Grit,  function  of,  272,  295 
Grow  healthy  chicks,  191 
Growth,  261 

autocatalytic  curve  of,  262,  263 
calcium  requirements  for,  267,  283 
crossbreeding  effects  on  rate  of,  78,  79 
curve,  inflection  of,  263 
cycles  of,  during  embryo  development, 
142 

effects  of  high  temperature  on,  178 
energy  requirements  for,  265 
factors  affecting,  178 
and  feed  consumption,  263,  327,  328 
filtrate  factor  and,  312 
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Growth,  inheritance  of  rate  of,  78 
mineral  requirements  for,  267,  283 
nature  of,  262 

nutritive  requirements  for,  261 
protein  level  and  rate  of,  267 
protein  requirements  for,  263,  266,  283 
protein  supplements  for,  300 
quantitative  requirements  for,  264 
rates  of,  177,  178 
season  affects  rate  of,  178 
sex  differences  in  rates  of,  78,  177 
vitamin  requirements  for,  271,  283 
vitamin  supplements  for,  307 
Gullet  or  esophagus,  40 
Gynandromorphs,  51 
Gypsum  on  droppings  boards,  230 

H 

Halibut  oil,  293 
Hamburg,  26 
Hard-scald  plucking,  447 
Hardware  cloth,  197 
Hatchability,  age  of  parents  and,  95 
breeding  to  increase,  94 
and  calcium-phosphorus  ratio,  280,  283 
deformed  upper  mandible  and,  76 
effects  of  crossbreeding  on,  74 
effects  of  diet  on,  279 
effects  of  inbreeding  on,  72 
effects  of  lethal  genes  on,  75,  95 
egg  characters  and,  94 
egg  production  and,  95 
embryo  malformations  and,  143 
influence  of  male  on,  97 
inheritance  of,  70,  76 
mineral  requirements  for,  280,  283 
nutrient  requirements  for,  278,  283 
nutrition  of  dams  and,  279 
protein  requirements  for,  279,  283 
protein  supplements  for,  304 
riboflavin  needed  for,  310 
selecting  on  basis  of,  97 
and  sunlight,  309 
tremulous  air  cells  and,  152,  396 
vitamin  requirements  for,  280,  283,  310 
from  year  to  year,  71,  95 
Hatcher,  separate,  159 
Hatchery,  avoiding  a  surplus  at,  170 
breeding  flock  improvement,  169 
business,  167 
egg  supply  for  the,  169 


Hatchery,  management  of,  167 

operator  of,  responsibility  of,  167,  174 
refuse  from,  disposal  of,  166,  473 
rooms  in,  168 
selling  chicks  from,  172 
“sexing”  chicks  at  the,  170 
Hatching,  date  of,  170 
delayed,  causes  of,  148 
hens  vs.  incubators  for,  131 
season,  170 
selecting  eggs  for,  151 
Hatching  basket,  165 
Hatching  eggs,  151 
avoid  dirty,  152 
chilling,  152 
cooling,  149 

cost  of,  per  100  chicks,  490 
frequency  of  turning,  152 
fresh,  use  only,  152 
holding,  length  of  time  for,  152 
holding  temperature  for,  152 
incubation  of,  151 

carbon  dioxide  and,  149 
humidity  and,  150 
oxygen  and,  149 
temperature  and,  145 
position  of,  152 
premium  for,  169,  491 
selection  of,  151 
shell  color  of,  152 
size  of,  important,  151 
turning,  145 

Hatching-egg  production,  278 
mineral  requirements  for,  280 
nutritive  requirements  for,  278 
protein  requirements  for,  279 
vitamin  requirements  for,  280 
Hay,  295 

Head,  and  its  adjuncts,  28,  30 

Head  type  and  egg  production,  103 

Heat  of  combustion,  effect  on  birds,  253 

Heat  prostration  in  fowls,  347 

Heat  spots  in  eggs,  397 

Heating  battery-brooder  rooms,  194 

Heating  effect  of  feed,  257 

Heating  laying  houses,  210 

Heavy  floats,  398 

Hegari,  286 

Held  eggs,  420 

Hemoglobin,  synthesis  of,  256 
Hen-feathered  males,  38,  50 
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Hen  feathering,. 50 
inheritance  of,  68 
Hennery  eggs,  420 

Hereditary  blindness,  inheritance  of,  68 
Hermaphrodites,  51 
Heterozygous,  63 
Histidine,  245,  288 
Holidays,  Jewish,  471 
Home  preservation  of  eggs,  409 
Hominy  feed,  286 
Homozygous,  63 
Hook,  catching,  228 
Hopper,  green  feed,  225 
grit,  225 
mash,  224 
oyster  shell,  225 
Hordein,  protein  of  barley,  288 
Hormones,  43,  253 
produced  by  ovary,  50 
produced  by  testes,  50 
Houdan,  25 

House,  artificial  lights  in,  212 
brooder,  188,  206 
care  of,  229 

cleaning  and  disinfecting,  207 
construction  of,  218 
dampness  objectionable  in,  211 
droppings  boards  in,  223 
droppings  pit  in,  223 
equipment  for,  224 
floor  in,  kind  of,  221 
floor  space  required  in,  213 
foundations  for,  220 
framework  for,  218 
insulation  of,  222 
kind  of  lumber  for,  218 
location  of,  205 
nests  for,  227 

requirements  of  a  good,  205 
roofing  materials,  223 
roosting  arrangements  in,  223 
shape  of,  214 
size  of,  213 
style  of  roof  in,  217 
sunlight  in,  212 
temperature  in,  209 
ventilation  of,  207 
window  arrangement  in,  221 
House-management  problems,  229 
Houses,  according  to  use,  215 
barracks,  216 
breeder,  216 


Houses,  classification  of,  214,  215 
for  laying  cages,  237 
multiple  story,  216 
one  story,  210,  214,  215 
two  story,  206 
types  of,  214 

Housing,  appliances  for,  224 
artificial  heat  in,  210 
artificial  lights  in,  212 
for  comfort,  205 
equipment,  224 
essential  requirements  in,  207 
floor  space  required,  213 
principles  and  practice,  205 
sunlight  desirable  in,  212 
temperature  in,  209 
Hover,  brooder  stove,  181 
ventilation  under,  186 
Hucksters,  423 

Humidity,  in  battery-brooder  rooms,  195 
in  brooder  houses,  183 
in  egg-storage  rooms,  195,  408 
in  incubators,  150 
in  laying-age  rooms,  238 
in  poultry-storage  rooms,  451 
relative,  defined,  150 
Hybrid,  65,  91 
Hybrid  vigor,  91 
Hydrogen-ion  concentration,  254 
of  contents  of  intestinal  tract,  254 
of  eggs,  401 

Hypophysis,  or  pituitary,  43 

I 

Immunity  to  disease  infection,  342 
Impacted  crop,  347 
Inbreeding,  and  chick  viability,  77 
develops  homozygosity,  89 
and  hatchability,  72 
Incinerator,  229 

Income,  distribution  of,  478,  480,  481 
factors  determining  labor,  500 
labor,  500 

poultry,  by  states,  480,  481 
in  relation  to  egg  production,  498 
Incubation,  131 

ancient  methods  of,  154 
artificial,  154 

carbon  dioxide  and,  149,  162 
care  of  the  heater  in,  160 
Cooling  eggs  during,  149 
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Incubation,  costs  in,  487 
critical  periods  in,  141 
economics  of,  488 
effects  of  current  interruption,  161 
embryo  development  during,  132 
fuel  used  for,  157 

humidity  requirements  during,  150 
loss  in  weight  of,  150 
natural,  153 

optimum  conditions  for,  151 
oxygen  requirements  during,  149,  162 
period  of,  131 

position  of  eggs  during,  145,  163 
practice,  153,  154 
principles,  131 

relative  humidity  in,  150,  162 
taking  of  the  hatch,  164 
temperature  for,  161 

in  force-draft  incubators,  147 
in  nonforce-draft  incubators,  146 
and  relative  humidity,  150 
under  sitting  hens,  146 
testing  eggs  during,  163 
turning  eggs  during,  145,  163 
ventilation  requirements  during,  149, 
162 

Incubators,  advantages  of,  131 
alarm  systems  for,  162 
arrangement  of,  168 
assembling,  159 
cabinet  type,  158 
care  of,  160 
Chinese,  156 
construction  of,  157 
disinfecting,  166 
early  American,  156 
early  European,  156 
Egyptian,  154 
electric,  156 
fuel  used  by,  157 
fumigation  of,  371 
hot  air,  158 
hot  water,  158 

insurance  restrictions  in  using,  167 

location  of,  159 

management  of,  160,  161 

modern,  156 

Philippine,  156 

room  for,  159 

sectional,  158 

starting,  160 

types  of,  157 


Independent  assortment,  the  principle 
of,  65 

Index,  albumen,  392 
viscosity,  392 
yolk,  392 
Inedible  eggs,  419 
uses  of,  390 

Infectious  bronchitis,  372 
Infertile  eggs,  appearance  under  candle, 
400 

incubated,  disposal  of,  166 
testing,  during  incubation,  163 
Inflammation  defined,  342 
Infundibulum  of  oviduct,  44 
Inheritance,  albino,  68 
of  barring,  54,  68 
of  black  plumage,  68 
of  blue  plumage,  68 
of  body  size,  78 
of  broodiness,  68 
of  buff  plumage,  68 
of  cerebral  hernia,  68 
of  characters,  68 
of  close  feathering,  68 
of  color  characters,  68 
of  comb  form,  68 
of  creeper  condition,  68 
of  crest,  68 

of  crooked-neck  character,  68 
defined,  63 

of  early  sexual  maturity,  68,  81 

of  egg  characters,  87 

of  egg  production,  80 

of  egg  size,  87 

of  gold  down  color,  58,  59 

of  hatchability,  70,  74 

of  intensity,  83 

of  interior  egg  quality,  88 

of  linked  characters,  66 

of  long  tail,  68 

Mendelian,  63 

of  naked-neck  character,  68 

of  a  pair  of  characters,  64,  165 

of  persistence  of  production,  87 

of  plumage  color,  68 

of  polydactyly,  68 

of  rate  of  feathering,  60 

of  rate  of  growth,  78 

of  rate  of  laying,  83 

of  red-splashed  white  plumage,  68 

of  resistance  to  disease,  77,  98,  99 

of  sex-linked  characters,  53,  59,  68 
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Inheritance,  of  shank  color,  68 
of  shank  feathering,  68 
of  silver  down  color,  58,  59 
of  two  pairs  of  characters,  65 
of  viability,  76 
of  vulture  hock,  68 
of  white  plumage,  68 
WZ  type  of,  55 
Inhibiting  gene,  127 
Insects,  290 

Insemination,  artificial,  94 
Inspiration  in  breathing,  39 
Insulation  of  houses,  222 
Insurance  restrictions  on  incubators,  167 
Intensity,  egg  production,  83 
importance  of,  120 
inheritance  of,  83 
Internal  parasites,  354 
Intestine,  large,  40,  41,  250,  251 
small,  40,  41,  250,  251 
Intestinal  roundworms,  354 
Iodine,  245,  292 

and  functioning  of  thyroid  gland,  246 
in  nutrition,  245 
in  oyster  shells,  293 
tincture  of,  384 
Iodoform,  384 
Iron,  in  the  blood,  256 
in  the  egg,  influenced  by  diet,  333 
in  nutrition,  245,  361 
Irradiation,  272 
of  birds,  308 
of  ergosterol,  308 
Isthmus  of  oviduct,  44,  45 
and  shape  of  eggs,  47 

J 

Java,  12 

Javan  Junglefowl,  1 
Jersey  Black  Giant,  12 
standard  weights  of,  32 
Jewish  holidays,  471 
Judging,  baby  chicks,  172 

chickens  for  standard  qualities,  28 
comparison,  29 
dressed  poultry,  459 
market  eggs,  395 

standard  qualities,  score  card  for,  28, 
29 

Junglefowl,  1 
Ceylon,  1 


Junglefowl,  Gray,  1 
Javan,  1 
Red,  1,  3 

K 

Kafir,  287 

Kamala,  as  a  poison,  296,  381 
Keel,  or  sternum,  39 
Keels,  crooked,  inherited,  102 
Kidneys,  40,  41 
Killing  poultry,  444 
Kosher  killed  poultry,  446 

L 

La  Fleche,  26 

Labor  income,  factors  affecting,  500 
Laced  plumage,  9 
Tracing,  9 
Lactase,  251 

Lactic-acid  production  in  embryo,  142 
Lactose,  251 
Lamona,  12 
Langshan,  15 

Large  intestinal  roundworms,  356 
control  of,  357 
Laryngotracheitis,  376 
Larynx,  39 

Law  of  diminishing  increment,  263 
Layers,  amount  of  feed  consumed  by,  329 
artificial  lights  for,  317 
diets  for,  324 
mortality  among,  341 
selecting,  103 

Laying,  inheritance  of  rate  of,  83 
Laying  cages,  237 
houses  for,  237 
installing,  238 

humidity  requirements  in  using,  238 
temperature  requirements  in  using,  237 
ventilation  requirements  in  using,  237 
Laying  house  (see  House;  Houses) 

Lead  poisoning,  296,  381 
Leading  states  in  egg  production,  483 
Leakers,  398 
Leghorn,  20 
Brown,  20,  21 
other  varieties,  21,  22,  23 
White,  20 
Lesion  defined,  342 
Lethal  genes,  66 
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Leucosis,  373 

Leukemia  ( see  Fowl  paralysis) 
Leukocytes,  40 
Lice,  348 

Lieberkuhn’s  glands,  252 
Light  floats,  398 

Light  intensity  and  egg  production,  83 
Lighting,  equipment  for,  212 
its  effect  on  egg  production,  317 
Lights,  artificial,  84 
how  to  install,  212 
how  to  use,  317 
Limberneck  ( see  Botulism) 

Limestone,  as  source  of  calcium,  292 
Linkage,  66 
sex,  53,  56,  59 
Linked  genes,  66 
Linseed-oil  meal,  289 
and  yolk  color,  332 
Lipase,  251,  252 
Lipochrome  pigment,  38 
Lipoids,  255 

Liquefaction  in  eggs,  400 
Liquid  skim  milk,  291 
Litter,  189,  230 

for  brooding  houses,  189,  192 
damp,  211 

for  laying  houses,  230 
Litter  carrier,  227 
Livability,  97 
inheritance  of,  76 
Live  poultry,  cars  for,  442 
cost  of  marketing,  510 
crates  for,  440 
edible  flesh  in,  453 
killing  and  dressing,  444 
for  the  Jewish  trade,  446 
marketing,  436 
price  quotations  on,  467 
quality  in,  436 

receipts  of,  at  New  York,  443 
shrinkage  in  shipping,  441 
terminal-marketing  methods,  443 
trucks,  443 
U.  S.  classes  of,  440 
U.  S.  grades  of,  438,  439 
Liver,  as  a  feed,  290 
of  the  fowl,  41 
secretes  bile,  252 
Liver  meal,  290,  306 
Local  buyers,  423 
Long  tail,  inheritance  of,  68 


Long-time  production,  importance  of,  122 
Loose-shell  membranes,  398 
Lungs  of  the  fowl,  39 
Lutein,  332 

Lye,  as  a  disinfectant,  383 
for  washing  eggs,  406 
Lymphatic  system,  252 
Lysine,  245,  288 

M 

Magnesium,  245 
Magnesium  carbonate,  271 
Magnesium  sulfate,  384 
Magnum  of  oviduct,  44,  45 
Maintenance,  259 
energy  requirements  for,  260 
mineral  requirements  for,  260 
protein  requirements  for,  260 
vitamin  requirements  for,  261 
Malay,  26 

Males,  hen  feathered,  38 
progeny-testing  breeding,  116 
nutrient  requirements  of,  283 
ratio  of,  to  females,  51,  93 
Malformations,  hatchability  and  em¬ 
bryo,  143 

Malpositions  of  the  embryo,  143 
Maltase,  251 
Maltose,  251 

Management,  of  broody  hens,  227 
of  chicks  in  battery  brooders,  193 
of  hatchery,  167 
of  hens  in  laying  cages,  237 
Manganese,  in  the  diet,  271 
in  nutrition,  245 
perosis  and,  271 
Manure,  230,  234,  473 
amount  produced  by  hens,  473 
composition  of,  234 
fertilizer  value  of,  234,  473 
marketing,  473 

preservation  of,  acid  phosphate  for,  230 
gypsum  for,  230 
Market  eggs,  389 
cold  storage  of,  407 
consumer  preferences  for,  430 
containers  for,  420 
establishing  the  price  of,  429 
grades  of,  414 
methods  of  shipping,  422 
preserving  quality  in,  407 
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Market  eggs,  price  quotations  on,  426 
receipts  of,  at  New  York,  510 
uses  of,  390 
Market-egg  terms,  420 
Market  poultry,  436 
consumption  problems,  468 
dressed,  450 

U.  S.  classes  of,  455 
U.  S.  grades  of,  460-464 
establishing  the  price  of,  467 
killing  and  dressing,  444 
live,  U.  S.  classes  of,  440 
U.  S.  grades  of,  438,  439 
methods  of  shipping,  441 
price  quotations  on,  467 
receipts  at  New  York,  428 
shrinkage  in  shipping  live,  441 
Marketing,  baby  chicks,  172 
containers  for  eggs,  420 
dead  birds  and  offal,  473 
dressed  poultry,  450 
costs  of,  510 
methods  of,  466 
eggs,  costs  of,  509 
methods  of,  422 
endocrine  glands,  472 
feathers,  472 
hatchery  refuse,  473 
live  poultry,  440 
costs  of,  510 
methods  of,  441,  442 
terminal  methods  of,  443 
manure,  473 

poultry  by-products,  472 
problems,  389,  436 
wastage  in,  452 
Mash,  dry,  316 
finely  ground,  313 
hoppers,  224 
wet,  316 

Mash  feeding,  316 
Mashgiach,  446 
Mashless  feeding,  316 
Mating,  52 
fertility  after,  93 
methods  of,  93 
preferential,  93 
significance  of,  52 

Meat,  edible  in  live,  dressed,  and  drawn 
birds,  453 

poultry,  in  the  diet,  471 
consumption  of,  470 


Meat,  quality  of,  important,  470 
Meat  meal,  290 
Meat  scraps,  291,  292 
Meat  spots  in  eggs,  397 
Meat-and-bone  meal,  290 
Mediterranean  breeds,  20 
Mendelian  inheritance,  63 
Mercurial  ointment,  350,  384 
Mercury,  bichloride  of,  382 
Merozoites,  363 
Mesoderm,  132 
Metabolism,  253 
basal,  260 
calcium,  140 
carbohydrate,  139 
embryo,  139 
energy  losses  in,  256 
fat,  140 

mineral,  140,  257 
nitrogen  wastage  in,  257 
of  nutrients,  253 
protein,  140,  255,  256 
role  of  vitamins  in,  248 
wastage  in  metabolism,  256 
Methods  of  feeding,  314 
Middlings,  as  a  feed,  287 
composition  of,  285 
Milk,  composition  of,  285 
different  kinds  of,  291 
minerals  in,  293 
products,  291 
as  a  source  of  protein,  291 
vitamins  in,  293 
Millet,  287 
Milo,  287 

Mineral  requirements,  for  growth,  267 
for  hatching-egg  production,  280 
for  maintenance,  261 
for  market-egg  production,  276 
Mineral  supplements,  291,  305 
Minerals,  absorption  of,  252 
in  the  body,  243 
in  the  egg,  243 
essential,  245 
grains  deficient  in,  291 
losses  of,  from  body,  261 
metabolism  of,  140,  257 
retention  of,  252 
sources  of,  291 
uses  of,  245 
Minorca,  24 
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Mites,  352 
control  of,  353 
Modifying  genes,  66 
Molasses,  288 
Molds,  defined,  342 
Moldy  eggs,  398 
Molt,  factors  influencing,  87 
forcing,  325 
order  of,  107 
physiology  of,  87 
time  of,  86,  105 

Molting,  and  egg  production,  87 
cystine  and,  278 
nutritive  requirements  for,  278 
Molting  hens,  endogenous  nitrogen  of, 
278 

Mortality,  causes  of,  141 
embryo,  141,  143 

critical  periods  in,  141 
effect  of  feed  on,  279-282 
growing  chick,  193 
laying  flock,  341 
and  sex  ratio,  51 
Mottled  Ancona,  23 
Mottled  yolks,  398 
Mouth  parts,  41 
Mucin  in  thick  white,  46 
Muff  and  beard,  inheritance  of,  68 
Musty  eggs,  398 
Mutation,  67 

N 

Naked-neck,  Transylvania,  37 
inheritance  of,  68 
Naphthalene,  384 
Natural  brooding,  179 
Natural  incubation,  153 
Necrosis  of  the  beak,  313,  346 
Nests,  227,  233 
Net,  catching,  228 
New  Hampshire,  12 
standard  weights  of,  32 
Nicotine  sulfate,  296,  350 
for  lice,  350,  351,  384 
as  a  poison,  296 
for  roundworms,  358 
Nightshade  poisoning,  296 
Nitrogen,  endogenous,  261 
Nonbroodiness,  importance  of,  120 
Northern  fowl  mite,  352 


Nutrients,  242 

assimilation  of,  250 
balance  of,  required,  296 
digestion  of,  249 
essential,  242 
oxidation  of,  253 
sources  of,  284-295 
variable  quantities  of,  in  feeds,  248 
Nutrition  and  disease  control,  247,  361 
Nutritional  disorders,  361 
Nutritional  encephalomalacia,  362 
Nutritive  ratio,  297 
Nutritive  requirements,  259 
for  fattening,  274 
for  growth,  261 

for  hatching-egg  production,  278 
for  maintenance,  259 
for  market  egg  production,  275 
for  molting,  278 
Nutritive  value  of  feeds,  257 

0 

Oats,  composition  of,  285 
as  a  feed,  287 
fiber  content  of,  287 
rolled  vs.  ground,  313 
Odors  in  eggs,  333 
Oesaphagus  ( see  Esophagus) 

Offal,  marketing,  473 
Oil,  cod-liver,  308 
Oil-treated  eggs,  409 
Omphalitis,  368 
Oophorin  and  shell  color,  48 
Orientation  of  egg  at  time  of  laying,  46 
Origin  of  the  chicken,  1 
Orpington,  15 
standard  weights  of,  32 
Osmosis  through  vitelline  membranes,  401 
Ova,  52 

fertilization  of,  52 
growth  of,  44 

hormone  of  pituitary  stimulates  growth 
of,  83 

Ovarian  tissue,  effect  of  transplanting,  50 
Ovariotomy,  50 
Ovary,  42,  43 

influence  of,  on  plumage,  50 
effect  of  removing,  49 
hormones  secreted  by,  50 
and  pullorum  disease,  369 
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Oviduct,  42,  43,  45 
ciliary  action  of,  45 
eversion  of,  347 
parts  of,  42,  43,  45 
peristaltic  movement  of,  45 
prolapsus  of,  347 
Ovulation,  44 
Ovum,  52 

fertilization  of,  52 

Oxygen  requirements  of  embryo,  149 
Oxygen  supply  in  incubation,  149 
Oyster  shells,  in  the  diet,  293 
hoppers  for,  225 
iodine  present  in,  293 
as  a  source  of  calcium,  293 

P 

Pi,  63 

Packing  dressed  poultry,  464 
Packing  plants  and  egg  buying,  424 
Palatability,  and  attractiveness,  313 
of  feed,  313 
Pancreas,  41 
Pancreatic  juice,  252 
Paralysis,  fowl,  373 
inheritance  of  resistance  to,  77 
Parasites,  control  of,  348,  354 
external,  348 
internal,  354 
treatment  for,  348,  354 
Parathyroids,  42 
Parcel-post  containers,  420 
Parts  of  the  fowl,  5 
Pathogen,  defined,  342 
Pause,  winter,  in  egg  production,  86 
Peanut  meal,  289 

Pedigree,  selection  on  basis  of,  113 
Pedigree  breeding,  165 
Pellagra,  247 

Pelvic  bones,  and  egg  laying,  103 

Penciled  plumage,  8,  11 

Pendulous  crop,  347 

Penny  cress  and  yolk  color,  332 

Pepper,  pimiento,  and  yolk  color,  332 

Pepsin,  251 

Peptones,  251 

“Perfection,  Standard  of,”  4 
Period,  incubation,  131 
Periodicals,  list  of,  516 
Perosis,  270,  306 
and  manganese,  271 


Persistence  of  production,  86 
Pharynx,  41 
Phasianidae,  36 
Phasianinae,  36 
Phenol,  382 
Phenotype,  67 
Philippine  incubators,  156 
Phosphorus,  245 

and  bone  calcification,  268 
and  calcium  metabolism,  277 
in  the  diet,  277 
in  nutrition,  250 
ratio  to  calcium,  269,  277 
requirements  of,  for  growth,  283 
for  hatching-egg  production,  283 
for  market-egg  production,  283 
vitamin  D  and  Ca-P  ratio,  268 
Physiological  zero  of  hen’s  egg,  399 
Pickled  cockscomb,  455 
Pigeon-pox  vaccine,  376 
Pigment,  in  egg  shell,  48 
lipochrome,  38 
melanin,  38 
of  shanks,  38 
of  yolk,  332 

Pigmentation,  and  production,  104 
time  factor  in,  105 
Pilchard  oil,  293 

Pimiento  pepper  and  yolk  color,  332 
Pineal  gland,  42 

Pink  whites,  and  cheese  weed,  332,  398 
Pituitary  gland,  42 
and  broodiness,  86 

hormone  of,  stimulates  growth  of  ova, 
83 

and  molting,  87 
stimulates  thyroid  gland,  87 
Plants,  poisonous,  296 
Plucking,  dry,  446 
hard  scald,  447 
semiscald,  447 
wax,  448 

Plumage,  dominant  white,  68 
recessive  white,  68 
sex-linked  barring,  68 
Plumage  color,  inheritance  of,  68 
Plumba,  446 
Plymouth  Rock,  7 
Barred,  7 
Blue,  9 
Buff,  8 
Columbian,  9 
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Plymouth  Rock,  description  of,  7 
Partridge,  8 
Silver  Penciled,  8 
standard  weights  of,  32 
Pneumonia,  brooder,  378 
Poisoning,  by  drugs  and  chemicals,  296, 
381 

by  plants  and  seeds,  296 
Polish,  26 

Polydactyl,  inheritance  of,  68 
Polyneuritis,  247 
Porosity  of  egg  shells,  47 
Potassium,  245 

Potassium  hydroxide,  to  prevent  spur 
growth,  348 

Potassium  permanganate  poisoning,  296 
Potato  sprouts,  poisoning  by,  296 
Potatoes,  as  a  feed,  288 
Poultry,  barrel  packed,  465 
box  packed,  464,  465 
canned,  454 
costs  of  marketing,  511 
crates,  440 
drawn,  451 

dressed,  classes  and  grades,  455-462 
cold  storage  of,  451 
composition  of,  243 
consumption  of,  468 
cooling  of,  450 
costs  of  marketing,  511 
edible  percentages  in,  453 
methods  of  marketing,  466 
refrigeration  of,  451 
dry  plucking,  446 
edible  percentages  in,  453 
evisceration  of,  452 
farming,  482 
fattening,  274 
feeding  practice,  284 
feeding  principles,  241 
full  drawn,  451 
frozen,  451 

hard-scald  plucking,  447 
income  from,  by  states,  480,  481 
killing  and  dressing,  444 
loss  of  blood  in,  445 
loss  of  feathers  in,  447 
live,  cars  for,  442 

classes  and  grades,  438-440 
costs  of  marketing,  511 
crates  for,  440 
establishing  price  of,  467 


Poultry,  live,  grading,  436 

methods  of  marketing,  440 
quality  in,  436 
shrinkage  in  shipping,  441 
trucks,  443 

marketing  problems,  436 
meat,  composition  of,  243 

consumption  of,  per  capita,  469 
in  the  diet,  472 

quality  of,  influenced  by  feeding,  330 
offal  in,  453 
prices  of,  467 

production  of,  geographical  distribu¬ 
tion  of,  480,  486 
relative  importance  of,  478 
quick-frozen,  451 
raising,  a  farm  industry,  482 
semiscald  plucking,  447 
smoked,  455 

wastage  in  marketing,  452 
wax  plucking,  448 

Poultry  industry,  as  a  branch  of  agricul¬ 
ture,  477 

development  of,  476 
relative  value  of,  478 
shifts  in  production  in,  483 
Poultry  manure,  230,  234,  473 
Poultry  raising,  a  farm  industry,  482 
Poultry-feed  price  ratio,  507 
Powder,  dusting,  349,  350 
Pox,  fowl,  375 
Preen  gland,  38 
Preferential  mating,  93 
Premium,  for  breeding  males,  491 
for  hatching  eggs,  490 
Preservation,  of  dressed  poultry,  451 
of  eggs,  407,  409,  410,  412 
Preserving  quality,  in  dressed  poultry, 
450 

in  eggs,  402 

Prevention  of  disease,  384 
Prices,  426,  467 
of  dressed  poultry,  467 
seasonal  variation  in,  468 
egg  and  feed,  importance  of,  505 
of  live  poultry,  467 
of  market  eggs,  426 
establishing,  429 
factors  affecting,  426 
seasonal  variation  in,  427 
Primaries,  37 
molting  of,  108 
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Primary  sexual  organs,  43 
Primitive  streak,  132 
Processed  eggs,  409 
Production,  of  broilers,  199 
of  capons,  200 
egg  ( see  Egg  production) 
feed  cost  of,  500 
Progeny,  F i  and  F2,  64,  65 
good,  securing,  122 
selection  on  basis  of,  120 
tested  breeding  males,  116 
testing  for  egg  production,  114 
relative  value  of,  127 
Prolactin  content  of  pituitary  and  broodi¬ 
ness,  86 
Prolapsus,  347 
Prostration,  heat,  347 
Protein,  amino  acids  in,  245 
biological  value  of,  244,  245 
in  the  body,  243 
digestion  of,  251 
in  the  egg,  243 
fate  of  excess,  255 
function  of,  244,  255 
grains  deficient  in,  288 
heating  effect  of,  257 
incomplete  utilization  of,  257 
level  of,  in  the  diet,  267,  276 
metabolism  of,  140,  255 
nature  and  uses  of,  245 
poisoning  from,  362 
and  rate  of  growth,  266 
requirements,  for  hatching-egg  pro¬ 
duction,  279,  283 
for  growth,  266,  283 
for  maintenance,  260 
for  market-egg  production,  276,  283 
specific  dynamic  effect  of,  257 
supplements,  290 
animal,  290 
efficiency  of,  301 
for  growth,  300 

for  hatching-egg  production,  304 
for  market-egg  production,  302 
relative  value  of,  300 
vegetable,  288 

Proteins,  supplementary  effects  of,  266 
Protozoa,  342 
Protozoan  diseases,  362 
Proventriculus,  40,  41 
Pseudocuticula,  gizzard  lining,  41 
Pterylae,  37 


Ptyalin,  251 

Pubic  bones  and  egg  laying,  103 
Pullorum  disease,  166,  170,  369 
and  chick  mortality,  369 
dissemination  of,  370 
and  hatchability,  370 
and  incubator  fumigation,  371 
inheritance  of  resistance  to,  77 
testing  for,  371 
transmission  of,  369 
Pump,  spray,  229 
Purchasing  power  of  eggs,  507 
Pygostyle,  39 

Q 

Quality,  in  dressed  poultry,  450,  455 
in  eggs,  389 

measures  of,  in  eggs,  391 
preserving,  in  eggs,  402 
standardbred,  5,  28 

Quick  freezing  dressed  and  drawn  poul¬ 
try,  451 
Quill,  38 

R 

Rachis  of  a  feather,  38 
Range,  for  chicks,  189 

importance  of  clean,  190,  192 
for  layers,  233 
Range  shelters,  189 
Rape  and  yolk  color,  332 
Rate,  of  growth,  breeding  for,  97 
in  relation  to  feathering,  98 
of  laying,  83 

influenced  by  light,  83 
inheritance  of,  68,  83 
in  relation  to  size  of  clutch,  85 
Ratio,  calcium  phosphorus,  268 
egg-feed  price,  507 
Mendelian,  64 
nutritive,  297 
poultry-feed  price,  507 
sex,  51 

Rearing  chicks,  176 
in  batteries,  193 
in  confinement,  193 
costs  of,  492 

principles  and  practice,  176 
on  range,  189 

and  disease  control,  191 
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Receipts,  of  dressed  poultry  at  four 
markets,  508 

of  eggs  at  four  markets,  510 
Recessive  characters,  67 
Rectum,  or  large  intestine,  41 
Red  Cap,  19 
“Red  dog”  flour,  285 
Red  Junglefowl,  1 
Refrigeration,  407,  451 
of  dressed  poultry,  451 
dessication  and,  451 
“freezes  bum”  and,  451 
humidity  and,  451 
temperature  and,  451 
of  eggs,  407 

air  circulation  and,  408 
humidity  and,  408 
temperature  and,  408 
Refrigerator  cars,  466 
Refrigerator  eggs,  420 
Refuse,  hatchery,  166,  473 
Rehandled  receipts,  420 
Relative  humidity,  in  brooder  houses,  180 
defined,  150 
in  egg  storage,  195,  408 
in  incubation,  150 
in  laying-cage  rooms,  238 
in  poultry-storage  rooms,  451 
Reproduction,  economics  of,  487 
genetic  basis  of,  51 
Reproductive  cells,  female,  52 
male,  52 

Reproductive  organs,  female,  42,  43 
male,  42,  43 

Reproductive  system,  female,  42 
male,  42 

Resistance,  inheritance  of,  to  fowl  ty¬ 
phoid,  77 

to  internal  nematode  parasite,  99 
to  paralysis,  77 
to  pullorum  disease,  77,  98 
Respiration,  in  the  embryo,  135 
in  the  fowl,  39 
Respiratory  system,  39 
Rhode  Island  Red,  11 
standard  weights  of,  32 
Rhode  Island  White,  12 
standard  weights  of,  32 
Riboflavin,  247,  267,  274,  282,  283,  310, 
311 

Rice,  285,  287 
Rice  bran,  271 


Rickets,  269 

access  to  sunlight  and  vitamin  D  and, 
269 

in  relation  to  calcium-phosphorus 
ratio,  269 

and  bone  calcification,  269 
and  irradiation,  272,  308 
Roasters,  455 

dressed,  edible  flesh  in,  453 
grades  of,  460 
live,  edible  flesh  in,  453 
Rock  phosphate,  271,  293 
Roofs,  construction  of,  220 
materials  for,  223 
style  of,  217 

Roosting  chicks  early,  187 
Roosting  space,  per  bird,  223 
Roosts,  construction  of,  188,  223 
disinfection  of,  351,  353 
for  chicks,  188 
for  laying  hens,  223 
location  of,  223 
wire  under,  223 

Rose  chafer  poisoning,  295,  381 
Rose-comb  Bantam,  63 
Rots,  398 

Roundworms,  large  intestinal,  356 
small  intestinal,  358 
Roup, 379 
Rumpless  fowl,  39 
Rumplessness,  inheritance  of,  68 
Rye,  287 

composition  of,  285 

excessive  amounts  of,  harmful,  287,  298 

S 

Sack  hatching,  165 

Saddle  feathers,  5 

Salivary  glands,  251 

Salmonella  aertrycke  infection,  372 

Salpingitis,  380 

Salt  (sodium  chloride),  in  the  diet,  271 
purpose  served  by,  293 
toxicity  of,  296 

Sanitation,  brooder  house,  189 
incubation,  166 
laying  house,  207 
and  lowered  mortality,  190 
plans  in  raising  chicks,  191 
range,  190 
yard,  231 
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Sarcoma,  373 
Sardine-liver  oil,  293,  308 
Scale  of  points  in  standard  judging,  29 
Scaly  leg  mites,  352 
Schizonts,  and  coccidiosis,  363 
Scientific  periodicals,  list  of,  516 
Score  card,  for  chicks,  172 
for  dressed  poultry,  459 
for  market  eggs,  395 
for  standard-bred  poultry,  28 
Scraper  for  droppings  board,  227,  232 
Screenings,  287 
Sea-bass-liver  oil,  308 
Secondaries,  37 
molting  of,  108 

Sections  of  the  fowl,  chart  of,  5 
Seeds,  poisonous,  296 
Segregation,  principle  of,  64 
Selection,  on  basis  of  body  size,  125 
on  basis  of  body  type,  99,  100,  101 
on  basis  of  egg  records,  109 
on  basis  of  egg  size,  124 
on  basis  of  head  type,  103 
on  basis  of  pedigree,  113 
on  basis  of  pigmentation,  104 
on  basis  of  progeny  test,  114 
of  breeding  and  laying  stock,  118 
for  early  maturity,  120 
for  hatchability,  97 
for  livability,  97 
for  nonbroodiness,  120 
for  persistency,  120 
possibilities  of,  89 
for  rate  of  laying,  109 
for  standardbred  quality,  31 
Selecting  crates,  228,  235 
Selenium,  effects  on  hatchability,  296 
poisoning  from,  271 
Semiscald  plucking,  447 
Separate  hatcher,  159 
Separate  sexes  early,  188 
Serum,  342 
Sex  chromosomes,  52 
Sex  inheritance,  51,  52 
WZ  type  of,  55 
Sex  linkage,  53,  58,  59 
true  test  of,  56 
Sex  organs,  of  the  female,  42 
of  the  male,  42 
Sex  reversal,  51 
Sex  ratio,  51 

Sexes,  differential  growth  rate  of,  177 


Sexes,  separate  early,  188 
“Sexing”  baby  chicks,  170 
by  physical  examination,  170 
by  rate  of  feather  growth,  60 
by  sex-linkage  of  down  color,  58,  59 
Sex-linked  crosses,  59 
Sex-linked  inheritance,  53 
Sexual  differentiation,  physiological 
aspects  of,  49 

Sexual  maturity,  importance  of  early,  82, 
120 

inheritance  of,  81 
Shaft  of  a  feather,  38 
Shank  color,  by  breeds,  6-27 
due  to  pigments,  38 
inheritance  of,  68 
in  relation  to  egg  production,  104 
Shank  feathering,  by  breeds,  13 
inheritance  of,  68 
Shell,  bloom  of,  47 

breaking  pressure  of,  47 
calcium  carbonate  in,  47 
color,  preference  for,  393 
cuticle,  47 
formation  of,  45,  46 
membranes,  46 
porosity  of,  47 
secreted  in  uterus,  45 
structure  of,  47 
Shells,  egg,  uses  of,  390 
Shells,  oyster,  293 
Shelters,  range,  189 
Shepherd’s  purse  and  yolk  color,  332 
Shipping,  barrels  for,  465 
baskets  for,  465 
boxes  for,  464,  465 
chickens,  costs  of,  510 
by  express,  441 
by  freight,  442 
by  truck,  443 
crates  for,  440 
dressed  poultry,  466 
costs  of,  510 
eggs,  containers  for,  420 
costs  of,  509 

live  poultry,  cars  for,  442 
costs  of,  510 
by  express,  441 
by  freight,  442 
by  truck,  443 
Shorts,  wheat,  287 
Shrimp  meal,  2,  91 
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Sickles,  5 
Side  sprigs,  31 
inheritance  of,  68 
Silage,  295 
Silkie,  27,  38 

Silkiness,  inheritance  of,  68 
Silver,  sex-linked  inheritance  of,  68 
Single  comb,  inheritance  of,  68 
Skeleton  of  the  fowl,  39 
Skim  milk,  dried,  288 
liquid,  291 

Skin,  color  of,  by  breeds,  6-27 
inheritance  of,  68 
of  the  fowl,  38 

protection  against  disease,  343 
Slack  scalding,  447 
Slip,  455 

Slipped  tendon,  270,  306 
Slow  feathering,  inheritance  of,  68 
Sodium,  245,  293 
Sodium  chloride  (salt),  271,  293 
as  a  poison,  296 

Sodium  fluoride  for  lice,  349,  350,  384 
Sodium  hydroxide,  as  a  disinfectant,  383 
for  washing  eggs,  406 
Sodium  hypochlorite,  383 
Sodium  orthophenylphenate,  383 
Sodium  silicate  for  preserving  eggs,  409 
Soil,  contaminated,  and  disease,  344,  385 
Soup,  chicken,  454 
Sour  egg,  399 
Soybean-oil  meal,  289 

according  to  process  employed,  301 
and  hatchability,  305 
and  yolk  color,  332 
Soybeans,  290 
in  the  diet,  332 

Spanish,  White-faced  Black,  24 
Specific  dynamic  effect  of  nutrients,  257 
Spermatozoa,  43 

Spiral  proventriculus  worms,  358 
Spirillae,  342 
Spirochetosis,  365 
Spleen,  41 
Sporocysts,  363 
Sporozoites,  363 
Spray  pump,  229 
Sprouted  grains,  295 
Spurs,  preventing  growth  of,  348 
removing,  348 
sex  differences  in,  49 
trimmed,  348 


Stag,  440 

Stained-antigen  test,  371 
“  Standard  of  Perfection,”  4 
Standard  egg  case,  421 
Standard  weights  of  breeds,  32 
Standards,  dressed  poultry,  460-464 
egg,  415 

live  poultry,  438-440 
Starch,  digestion  of,  251 
State  colleges  of  agriculture,  514 
Sternum,  36,  39 
Sticktight  flea,  354 

“Sticky”  embryo,  inheritance  of,  68,  76 
Stigma,  44 
Stippling,  21,  23 
Streptococcic  peritonitis,  372 
Structure,  of  alimentary  system,  40 
of  chicken,  36 
of  circulatory  system,  39 
of  digestive  system,  40 
of  egg,  46 
of  feather,  38 
of  regulatory  system,  42 
of  reproductive  system,  43 
female,  43 
male,  43 
Stubs,  30 
Sucrase,  252 
Sudan  III,  332 
Sulfur,  and  coccidiosis,  365 
in  nutrition,  245 
Sultan,  27 
Sumatra,  27 

Sunlight,  and  bone  calcification,  309 
and  hatchability,  281,  309 
Sun  porch,  198 

Supplements,  animal  protein,  290 
mineral,  291 
vegetable  protein,  288 
vitamin,  293 
Sussex,  17 
Synsacrum,  39 
Syrinx,  39 

System,  alimentary,  40 
circulatory,  39 
digestive,  40,  251 
regulatory,  42 
reproductive,  43 
of  female,  43 
of  male,  43 
respiratory,  39 
urinary,  41 
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T 

Tail  carriage,  squirrel,  33 
wry,  33 

Tankage,  291,  293 
Tapeworms,  359 
Temperature,  of  baby  chicks,  37 
and  rate  of  growth,  178 
of  battery-brooder  room,  196 
brooding,  183 
battery,  194 
floor,  183 

cold  storage,  408,  451 
for  dressed  poultry,  451 
for  eggs,  408 
critical,  of  the  chick,  260 
of  the  hen,  260 
for  drying  eggs,  413 
and  egg  size,  48 
and  embryo  mortality,  148 
of  the  fowl,  37,  259 
for  freezing  eggs,  411 
for  holding  hatching  eggs,  152 
for  holding  market  eggs,  403 
for  incubation,  artificial,  145 
under  hens,  146 
at  top  and  bottom  of  egg,  146 
of  incubator  room,  159 
of  laying-cage  room,  237 
for  quick-freezing  poultry,  451 
Terms,  descriptive,  of  air  cell,  417 
of  shell,  416 
of  white,  419 
of  yolk,  416 

Test,  agglutination,  371 
rapid  plate,  371 
stained  antigen,  371 
tuberculin,  367 
value  of  pullorum,  370 
whole-blood  stained  antigen,  371 
Testes,  42,  43 

effect  of  removing,  49 
Testicles,  43 

Testing,  hatching  eggs,  163 
progeny,  114 
for  pullorum  disease,  370 
for  tuberculosis,  367 
Tetrachlorethylene,  384 
Tetramere  proventriculus  worms,  359 
Theelin,  influence  of,  on  sex,  51 
Thermometers,  159 


Thick  white,  46 

(See  also  Egg  white;  White) 

Thin  white,  46 

(See  also  Egg  white;  White) 

Thrush,  378 
Thymus  gland,  42 
Thyroids,  42 
Tibia,  39 
Tick,  fowl,  354 
Tissue  mites,  352 

Tobacco,  for  roundworm  control,  358 
toxicity  of,  296 
Tonics,  295 
Toxic  feeds,  295 
Toxin,  342 
Trachea,  40 
Tract,  alimentary,  40 
digestive,  40 
feather,  37 

Transmission  of  characters,  52 

Transylvania  naked-neck,  37 

Trapnests,  227,  233 

Tracheitis  (see  Laryngotracheitis) 

Tremor,  epidemic,  of  chicks,  376 

Tremulous  air  cells,  152,  396 

Trichomoniasis,  366 

Tropical-fowl  mite,  352 

Type,  selection  on  basis  of  body,  99,  100 

Trypsin,  251,  252 

and  liquefaction  in  egg  white,  401 
Tryptophane,  245,  288 
Tuberculin  test,  367 
Tuberculosis,  367 
Tumors,  380 
Type,  significance  of,  5 
Typhoid,  fowl,  368 
resistance  to,  77 

U 

Ultraviolet  irradiation,  272 
Ultraviolet  light,  293 
U.  S.  dressed-poultry  standards,  460-464 
specifications  for,  U.  S.  choice,  or  U.  S. 
grade  B,  460—464 

U.  S.  commercial,  or  U.  S.  grade  C, 
460-464 

U.  S.  prime,  or  U.  S.  grade  A,  460- 
464 

U.  S.  special,  or  U.  S.  grade  AA, 
460-464 
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U.  S.  egg  standards,  414 
specifications  for,  U.  S.  check,  415 
U.  S.  extra,  and  extra  dirty,  415 
U.  S.  special,  415 

U.  S.  standard,  and  standard  dirty, 
415 

U.  S.  trade,  and  trade  dirty,  415 
U.  S.  live-poultry  standards,  438-440 
specifications  for,  rejects,  439 
U.  S.  grade  A,  438 
U.  S.  grade  B,  438 
U.  S.  grade  C,  439 
Units,  brooding,  187 
laying  flock,  213 
Ureters,  40,  41 
Uric  acid,  excretion  of,  252 
Urinary  nitrogen,  257 
Urinary  system,  41 
Urine,  252 
Uterus,  44,  45 

position  of  egg  in,  46 
shell  formed  in,  45 

V 

Vaccination,  for  fowl  pox,  375 
for  laryngotracheitis,  377 
Vaccine,  342 
Vagina,  44,  45 
Vane  of  a  feather,  38 
Varieties  of  breeds,  6-27 
Vas  deferens,  42,  43 
Vegetable  protein  supplements,  288 
and  hatchability,  279 
sources  of,  288 
Vent,  of  the  fowl,  41 

and  laying  condition,  103 
pigmentation  of,  104 
Vent  gleet,  379 

Ventilation,  methods  of,  of  battery- 
brooder  rooms,  195 
of  brooder  houses,  207 
of  brooders,  186 
of  chick  boxes,  174 
of  incubator  rooms,  159,  169 
of  incubators,  162 
of  laying  houses,  207 
of  laying-cage  rooms,  237 
Vertebrae,  free  caudal,  39 
Vesicular  dermatitis,  380 
Viability  of  chicks,  76 
breeding  for,  97 


Viability  of  chicks,  effects  of  crossbreed¬ 
ing  on,  77 

effects  of  inbreeding  on,  77 
inheritance  of,  76 
Villi,  250 
Virulence,  342 
Virus  diseases,  372 
Viruses,  342 
Viscosity  index,  392 
Vitamin  A,  247 
carotene  and,  307,  333 
effects  of  deficiency  of,  247 
in  egg  yolk,  333 

requirements  of,  for  growth,  271,  283 
for  hatching-egg  production,  280,  283 
for  maintenance,  261 
for  market-egg  production,  277,  283 
sources  of,  293,  294 
Vitamin,  antihemorrhagic,  or  K,  248 
Vitamin  B,  247,  283 
effects  of  deficiency  of,  247,  280 
and  hatchability,  280,  283 
sources  of,  294 

Vitamin  B4,  and  “crazy-chick  disease,” 
247 

Vitamin  C,  247 
not  needed  by  poultry,  247 
Vitamin  D,  247 

and  bone  calcification,  268,  308 
and  calcium  phosphorus  ratio,  269 
effects  of  deficiency  of,  247 
in  the  egg,  333 
requirements  of,  310 
for  growth,  271,  283 
for  hatching-egg  production,  280, 
282,  283,  310 

for  market-egg  production,  278,  283, 
310 

sources  of,  293,  294 
unit,  310 
Vitamin  E,  247 
effects  of  deficiency  of,  247 
and  reproduction,  282 
sources  of,  294 
Vitamin  G,  247 

effects  of  deficiency  of,  247,  310,  311 
filtrate  factor  of,  247,  274 
requirements  of,  for  growth,  273 

for  hatching-egg  production,  278, 
282 

for  market-egg  production,  278,  283 
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Vitamin  G,  riboflavin  factor  of,  247,  274, 
278,  282,  283,  310 
sources  of,  294 
Vitamin  K,  248 

effects  of  deficiency  of,  248 
sources  of,  295 
Vitamin  requirements,  246 
for  growth,  272,  283 
for  hatching-egg  production,  280,  283 
for  maintenance,  261 
for  market-egg  production,  277,  283 
Vitamin  supplements,  balancing  diet 
with,  307 
sources  of,  293 
Vitamins,  246 

balancing  the  diet  with,  307 
in  digestion,  252 
effects  of  deficiencies  in,  247 
in  eggs,  248 
in  metabolism,  252 
for  preventing  disease,  247 
sources  of,  293,  294,  295 
Vitelline  membrane,  46 
Voice,  of  the  fowl,  39 
syrinx  and,  39 
Vulture  hock,  27 
inheritance  of,  68 

W 

Wastage,  in  metabolism,  256 
of  nutrients  in  digestion,  252 
Water,  absorption  of,  252 
amount  consumed,  209 
in  eggs,  243 
in  fowl’s  body,  243 
function  of,  242 
kinds  of,  284 

in  regulating  body  temperature,  243 
in  tissues,  242 

Water  glass,  for  preserving  eggs,  409 
Water  supply,  284 

preventing  from  freezing,  226 
sources  of,  284 

Watering  equipment,  225,  230,  231 
Watery  whites  in  eggs,  399 
Wattles,  5 
edema  of,  346 
frozen,  345 
sex  differences  in,  49 
transplantation  of,  49 


Wax  plucking,  448 
Web  of  feather,  38 
Weights,  standard  body,  32 
Wet-mash  feeding,  316 
Wheat,  287 

composition  of,  285 
digestibility  of,  287 
flour,  285 
hard  vs.  soft,  287 
vs.  other  cereals,  297 
shrunken,  287 
Wheat  bran,  287 
Wheat  middlings,  287 
Wheat  screenings,  287 
Wheat  shorts,  287 
Whey,  composition  of,  285 
dried,  291 

White,  egg,  bacterial  growth  in,  402 
composition  of,  243 
deterioration  of,  399 
dried,  412 

effect  of  heat  on,  399 
formation  of,  45 
frozen,  410 

heating  quality  of,  430 
hydrogen-ion  concentration  of,  401 
layer  of  thick,  46,  395 
layers  of  thin,  46,  395 
mucin  in  thick,  46 
parts  of,  47 

pink,  caused  by  cheese  weed,  332,  398 
protein  in,  46 
rot,  399 

terms  descriptive  of,  419 
(See  also  Albumen) 

White-faced  Black  Spanish,  24 
White  Leghorn,  20 
White  plumage,  68 
dominant,  68 
recessive,  68 

Windows,  location  of,  221 
and  sunlight,  212 
ventilating  bjq  208 
Wing,  feathers  of,  37 
molting  of,  107,  108 

Winter  pause  in  egg  production,  86,  120 
Wire-screen  floor  pens,  198 
Worms,  354 
caecal,  355 
capillaria,  355 
eye-  ,  355 
gape-  ,  356 
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Worms,  intestinal  round-  ,  356,  358 
spiral  proventriculus,  358 
tape-  ,  359 

tetramere  proventriculus,  359 
Wyandotte,  9 
standard  weights  of,  32 
WZ  type  of  inheritance,  55 

X 

Xanthophyll,  104,  105,  332 
in  eggs,  104,  332 
in  feeds,  105,  332 
in  the  fowl,  104 
Xerophthalmia,  247 

Y 

Yarding,  for  chicks,  232 
and  grass,  190 
for  layers,  230 
area  required,  233 
Yards,  alternating,  232 
triple,  232 


Yokohama,  27 
Yolk,  in  body  cavity,  44 
color,  affected  by  feed,  332 
deposition  of,  44 
deterioriation  of,  399 
dried,  412 
formation  of,  44 
frozen,  410 
granules,  44 

index  and  egg  quality,  392 
light  and  dark,  44 
and  pigments,  332 
shadow  changes,  397 
structure  of,  47 
terms  descriptive  of,  416 
vitelline  membrane  of,  46 
white  and  j^ellow,  47 

Z 

Zeaxanthin,  332 
Zein,  protein  of  corn,  288 
Zinc,  in  nutrition,  245 
Zygotes,  52,  54,  55 


